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Summary	
	
Minimally	invasive	surgery	has	evolved	over	the	last	century	to	become	a	gold	standard	for	
many	surgical	procedures.	This	relates	to	the	reduction	in	morbidity	associated	with	large	
incisions.	Patients	benefit	from	reduced	surgical	trauma	and	post-operative	pain,	and	a	
more	rapid	recovery	and	return	to	normal	activities.	This	is	at	the	cost	of	an	increased	
complexity	of	technical	skill	required	and	therefore	steep	learning	curve,	especially	related	
to	the	loss	of	the	stereopsis	of	binocular	vision,	which	provides	our	keenest	depth	
perception	in	dextrous	skills.	
	
Technological	pioneers	have	been	trying	to	overcome	the	loss	of	stereopsis	for	the	last	few	
decades	without	success,	either	from	poor	image	capture	or	projection	technologies.	The	
advent	of	passive	polarising	3D	technology	in	the	entertainment	industry	has	paved	the	way	
for	new	visual	systems	which,	in	laboratory	based	experiments,	have	shown	significant	
benefits	to	efficiency	in	tasks	with	reduced	time	and	error	production.	These	benefits	have	
yet	to	be	proven	in	true	surgery	with	any	validity.	
	
This	research	was	undertaken	to	provide	high	quality	evidence	investigating	the	effect	of	
these	3D	visual	systems	on	actual	laparoscopic	surgery.	The	aim	was	to	evaluate	whether	
the	benefits	to	surgical	efficiency,	and	potentially	patient	safety	with	error	reduction,	are	
truly	transferrable	to	the	complex	environment	of	an	operating	theatre.	Although	the	
reduction	in	operative	time	showed	no	significance	with	the	primary	end	point,	sub	group	
analysis	identified	significant	benefit	in	more	difficult	cases.	The	study	shows	that	the	3D	
systems	do	reduce	the	operating	time	and	the	significant	error	production,	especially	
gallbladder	perforation,	in	true	surgery.		
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Chapter	1:		 The	evolution	of	stereoscopic	imaging	in	surgery		
and	recent	technological	advances	
	
1.1.	 Introduction	to	stereopsis	in	surgery	
	
When	Phillipe	Bozzini	first	designed	and	used	his	‘Lichtleiter’	in	1803,	to	peer	into	the	
human	body,	the	medical	world	unwittingly	became	reliant	on	observing	the	endoscopic	
view	of	the	human	body	in	only	two-	dimensions	(2D).		
	
	
	
Figure	1	 Phillipe	Bozzini	and	his	“Lichtleiter”,	circa.	1803	
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In	1838,	Charles	Wheatstone	was	the	first	to	accurately	describe	and	publish	the	
phenomenon	of	stereopsis	-	“…	the	mind	perceives	an	object	of	three	dimensions	by	means	
of	the	two	dissimilar	pictures	projected	by	it	on	the	two	retinae	…”	(1).	He	described	in	his	
paper	how	the	illusion	of	light	projecting	outwards	from	the	surface	of	a	metal	plate	that	
had	been	turned	on	a	lathe	had	brought	him	to	this	realisation.	He	demonstrated	the	
validity	of	his	proposed	mechanism	of	stereopsis	by	creating	the	“Wheatstone	
Stereoscope”,	figure	3.	This	created	an	illusion	of	stereopsis	simply	by	projecting	different	
images	to	each	eye	of	the	viewer.	By	adjusting	each	image	to	give	an	impression	of	the	
perspective	that	would	have	been	seen	by	that	eye	the	viewer	was	left	with	a	sense	of	a	
three-dimensional	(3D)	image.		
	
	
	
Figure	2	 Charles	Wheatstone,	who	first	described	the	phenomenon	of	
stereopsis	
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Figure	3	 The	“Wheatstone	Stereoscope”,	which	projected	different	images	to	
each	eye	of	the	viewer,	giving	the	illusion	of	stereopsis	
	
The	first	endoscopic	procedures	were	performed	with	single	eyepiece	rigid	scopes	that	
provided	a	monocular	view	for	the	operating	surgeon.	In	the	1970s	these	images	were	
relayed	via	a	camera	to	a	video	monitor.	Thus,	was	born	the	modern	era	of	‘off	screen’	
videoscopic	operating.	In	the	late	1980s	the	first	laparoscopic	cholecystectomies	were	
performed	and	popularity	for	laparoscopic	surgery	began	to	increase	exponentially(2).	This	
prompted	a	sudden	rise	in	surgical	and	technological	innovations	as	the	benefits	and	
feasibility	of	minimal	access	surgery	became	more	universally	recognised.	As	minimal	access	
surgery	became	more	widely	adopted	the	steepness	of	the	learning	curve	for	surgeons	
became	more	apparent.	In	particular	the	monocular	laparoscopic	view	providing	two-
dimensional	viewing,	and	associated	reduced	depth	perception,	became	the	focus	of	
technological	advances.	Attention	therefore	turned	to	producing	a	usable	3D	endoscopic	
view	for	surgeons;	utilising	different	technologies	for	image	capture	and	image	projection.	
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These	evolving	visual	systems	have	been	assessed	in	various	research	environments	with	
conflicting	outcomes	of	success	and	usability,	and	no	overall	consensus	to	their	benefit.		
	
This	chapter	aims	to	provide	an	explanation	of	the	different	types	of	3D	visual	technologies,	
summarise	the	published	literature	evaluating	3D	versus	2D	laparoscopy	and	to	explain	the	
conflicting	outcomes(7-13).	Then	the	current	consensus	view(34-41),		and	missing	element	in	the	
knowledge	base	are	discussed	and	why	this	study	was	designed	to	address	this	and	add	to	
the	universal	knowledge	base	of	3D	laparoscopy.	
	
1.2. First	stereoptic	views	
	
Binocular	microscopes	were	first	used	in	1922	in	otolaryngology	to	overcome	the	lack	of	
depth	perception	associated	with	monocular	operating	microscopes	by	surgeon	Gunnar	
Holmgren	(1875–1954),	Head	of	the	University	Clinic	of	Stockholm	(3).	These	provided	a	
stereoptic	magnified	view	of	the	operating	field	and	were	quickly	adopted	by	
Otolaryngology,	Neurosurgery	and	Orthodontics.	In	the	1980s,	a	German	surgeon,	Dr.	
Gerhard	Buess,	pioneered	Trans	anal	Endoscopic	Microsurgery	(TEMS)	utilising	the	first	
‘stereo-endoscope’	with	two	optical	channels,	viewed	through	binocular	eyepieces	(4).	In	
1992,	his	team	trialed	the	first	prototype	laparoscopic	stereo-endoscope,	figure	4,	in	animal	
studies	and	clinically	during	laparoscopic	cholecystectomies,	and	concluded	the	stereopsis	
facilitated	complex	laparoscopy	(5).	
	
	 17	
	
	
Figure	4	 The	tip	of	a	Stereo-endoscope,	showing	the	two	lenses,	like	two	eyes,	
which	capture	the	true	stereoptic	operating	view	
	
1.3	 Image	Capture	
	
In	the	laparoscopic	setting,	an	image	of	the	operative	field	may	be	captured	in	one	of	two	
ways.	A	traditional	rod-lens	laparoscope	may	be	used	to	transmit	the	light	from	the	image	
to	outside	the	patient	where	a	video	camera	then	captures	the	image	and	sends	it	as	an	
electrical	signal	to	an	image	processor.	Rod	lens	technology	is	now	being	superseded	by	
‘chip	on	the	tip’	technology	utilising	small	camera	chips,	which	capture	the	image	at	the	tip	
of	the	laparoscope	and	then	transmit	the	electrical	signal	along	the	laparoscope	to	an	image	
processor.			
	
The	technology	used	to	capture	the	three-dimensional	characteristics	of	the	operating	field	
includes	the	laparoscope,	the	camera	and	the	image	processor.	Various	systems	have	been	
developed	and	trialed	in	the	literature.	Single	channel	systems	attempt	to	extract	two	
perspectives	of	the	operative	field	from	a	single	point	of	view	by	splitting	the	image	either	
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with	a	prism	or	filter.	The	result	is	therefore	not	a	true	binocular	image	(6).	Dual	channel	
systems,	figure	5,	provide	two	horizontally	separated	images	and	thus	produce	two	truly	
different	perspectives	of	the	operative	field.	‘Insect	eye’	scopes	allow	for	multi	images	to	be	
captured	and	processed	simultaneously.	There	is	significant	variety	in	the	design	of	the	
video	capture	systems	that	results	in	differences	in	the	quality	of	the	perceived	image.	
	
Figure	5	 Dual	channel	endoscopic,	or	stereoscope,	system	showing	light	
transmission	pathway	and	image	capture	technology	
	
1.4	 Projection	Systems	
	
Projection	systems	aim	to	deliver	the	three-dimensional	view	to	the	observer.	Early	systems	
used	active	shuttering	projection,	where	alternate	left	and	right	views	are	displayed	at	high	
frequency	on	a	display.	With	these	systems,	the	operator	wears	active	shuttering	glasses	so	
that	each	eye	receives	only	the	corresponding	right	or	left	eye	image.	Robotic	systems	
evolved	to	use	a	fixed	viewing	environment,	where,	like	in	a	microscope,	the	observer	has	a	
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separate	image	displayed	to	each	eye.	This	concept	was	used	in	Head	Mounted	Displays	
(HMDs)	where	each	eye	was	provided	with	its	own	screen	to	achieve	stereopsis,	figure	6.		
	
	
	
Figure	6	 An	example	of	a	head	mounted	display	system	
	
The	latest	commercial	projection	systems	use	passive	polarizing	technology,	which	allows	
for	two	images	to	be	projected	simultaneously	in	different	polarized	waveforms.	A	high	
definition	image	is	made	up	of	1080	horizontal	pixel	lines.	For	passive	polarizing	projection,	
the	image	projected	has	odd	horizontal	pixel	lines	emitting	light	polarized	vertically	and	
even	lines	emitting	light	polarized	horizontally.	The	user	then	wears	lightweight	polarizing	
glasses	to	separate	the	correct	image	to	each	eye,	figure	7.	The	horizontal	resolution	of	the	
image	is	therefore	reduced	by	half	to	540	pixels	but	the	vertical	resolution	remains	at	1080	
pixels	and	the	resulting	image	therefore	remains	high	quality.	When	this	technology	was	
transferred	from	cinema	projection	systems	to	home	television	monitors	the	opportunity	to	
use	this	system	in	the	operating	theatre	became	a	possibility.		
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Figure	7	 First	use	of	early	passive	polarizing	technology	at	the	Royal	Surrey	
County	Hospital,	RSCH,	Guildford,	UK,	in	2011	
	
More	recently	there	has	been	the	experimental	development	of	complex	waveform	
projection	systems	(advanced	systems	based	on	anaglyph	separation),	autostereoscopic	
‘glass-free’	displays	and	holographic	displays	(46-49).		
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Chapter	2:		 The	evidence	of	3D	versus	2D	in	laparoscopic	
surgery,	and	how	it	has	been	evaluated	
	
2.1.	 Literature	review	
	
I	aimed	to	identify	from	the	literature,	all	published	work	evaluating	3D	laparoscopic	
systems	compared	to	2D	standard	‘classical	laparoscopic’	systems.	Although	not	a	true	
systematic	review,	as	only	the	researcher	studied	the	abstracts	and	papers,	this	was	
performed	as	a	structured	and	critical	review	of	the	published	literature.	PubMed,	Embase,	
Ovid	and	Medline	where	used	as	search	engines	to	identify	any	published	full	English	
language	papers,	abstracts	from	conference	presentations	not	included,	since	1996	which	
referenced	the	key	words	“stereopsis”,	“three-dimensional”	or	“3D”,	“versus	two-
dimensional”	or	“2D”,	“laparoscopy”,	“endoscopic	surgery	with	3D	imaging”.		
	
This	identified	361	published	paper	titles	and	275	were	discounted	on	further	review	of	
their	titles.	Of	the	86	abstracts	reviewed,	45	were	further	discounted	as	they	didn’t	compare	
3D	with	2D.	Review	of	these	41	papers	acknowledged	another	six	papers	not	identified	by	
the	original	search.	In	total,	47	papers	reported	assessing	3D	imaging	systems	against	2D	
systems	in	laparoscopic	surgery.	A	further	four	titles	were	discounted	on	reading	the	whole	
paper,	leaving	43	to	be	assessed.	96%	of	the	studies	describe	laboratory-based	experiments,	
involving	a	variety	of	laparoscopic	skills	tasks,	some	from	validated	curriculum	programs	and	
others	designed	to	mimic	advanced	laparoscopic	skills.	The	studies	also	use	a	variety	of	
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subjects	from	non-surgical	participants	to	those	with	a	variety	of	experience	in	laparoscopic	
surgery.		
	
The	number	of	tasks,	repetitions,	cross	over	in	visual	systems,	assessment	of	a	learning	
curve	and	number	of	individual	subjects	involved	varied	in	each	study.	Universally,	the	
common	themes	assessed	in	the	majority	of	studies	were	the	time	for	task	completion	and	
performance,	either	by	clearly	defined	errors	or	by	other	assessment	defined	scoring	
systems.	
	
There	has	been	speculation	for	the	last	18	years	over	the	benefit	of	3D	operating	visual	
systems,	largely	based	on	conflicting	reports	in	the	literature	and	the	ongoing	evolution	of	
the	system	technology.	Papers	and	results	were	separated	by	the	type	of	optical	or	
projection	system	in	order	to	clarify	the	results	and	explain	the	conflicting	outcomes	
observed	by	different	researchers.		
	
2.2	 Single	Channel	Endoscope	Studies	
	
I	identified	13	studies	which	used	single	channeled	scopes	to	capture	the	laparoscopic	view	
(Appendix	1:	Table	1).	Seven	of	these	studies	(7-13)	utilised	active	shuttering	projection	
systems	with	only	one	study(8)	identifying	a	significant	improvement	in	outcomes	using	the	
3D	system	compared	to	the	2D	standard.	4	of	these	studies	(7,9,	12,	13)	used	only	time	as	their	
outcome	measure	of	set	laparoscopic	task	completion.	Other	outcomes	included	‘error’	
count	which	related	to	the	task	being	evaluated.	This	reflected	either	a	failure	to	complete	
the	task	as	described	(10,11)	or	in	one	study	which	assessed	only	depth	perception,	(8),	error	
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was	the	incorrect	calling	of	the	position	of	a	peg	in	relation	to	another.	All	of	these	studies	
also	reported	poor	subjective	outcomes	associated	with	the	3D	systems,	including	visual	
strain,	headaches	and	nausea	as	well	as	an	awareness	of	flickering	of	the	screen.	Four	
studies	(14-17)	assessed	a	second-generation	3D	system,	which	used	a	single	channel	scope	
and	projected	left	and	right	images	to	head	mounted	display	systems,	allowing	individual	
eye	projection	without	loss	of	light	or	image	quality.	Three	of	the	studies	reported	
significant	improvement	in	performance	for	novices.	The	HMDs,	although	bulky,	did	not	
cause	any	of	the	cortical	disturbances	reported	by	the	active	shuttering	systems.	Time	was	
again	used	consistently	as	one	of	the	outcome	measures,	and	the	only	outcome	measure	in	
one	(14).	Two	studies	used	subjective	expert	assessment	of	suture	placement	to	provide	an	
accuracy	score	(15,	16),	while	the	final	study	utilised	six	different	skills	tasks,	of	increasing	
difficulty	to	assess	the	systems.	The	tasks	optimized	the	potential	benefits	of	depth	
perception	and	spatial	orientation,	and	errors	scored	related	to	an	external	assessors	
recording	of	misgrasping,	dropping	objects	and	imprecision	of	needle	and	thread	passage.	
The	final	two	studies	(18,	19)	used	single	channel	scopes	and	the	latest	passive	polarizing	
systems.	Neither	identified	a	significant	difference	in	respective	outcomes	with	the	3D	
systems.	Both	studies	reported	that	a	period	of	adaptation	was	required	to	overcome	any	
higher	processing	symptoms	that	the	3D	visual	system	induced	(18).	The	first	study(18)	
evaluated	two	tasks	of	thread	passage	and	then	rubber	band	placement	and	cutting,	with	
subjective	scoring	of	‘clumsy’	and	incomplete	or	repetitive	movement,	as	well	as	time	for	
completion	of	tasks.	The	second	study(19)	used	The	McGill	Inanimate	System	for	Training	and	
Evaluation	of	Laparoscopic	Skills	(MISTELS),	which	is	a	series	of	five	tasks	with	an	objective	
scoring	system.	The	outcome	measure	was	therefore	a	score	rather	than	error	assessment,	
and	is	based	on	speed	and	precision.		
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2.3	 Dual	Channel	Endoscope	Studies	
	
2.3	(a)	 Robotic	‘fixed	screen’	studies	
	
Nine	studies	investigated	the	effect	of	stereopsis	in	laparoscopic	surgery	using	the	Da	Vinci	
robotic	system	(IntuitiveTM,	USA)	(Appendix	1:	Table	2)	(20-28).	Stereopsis	is	achieved	with	a	
binocular	endoscope	and	two	camera	heads	for	separate	left	and	right	image	capture.	Each	
image	is	received	by	the	respective	eye,	simultaneously	using	a	fixed	console,	alleviating	the	
need	for	shuttering,	polarizing	or	HMD	projection.	All	studies	reported	significant	
improvement	in	performance	with	the	Da	Vinci	system	in	3D	mode	over	2D	mode.	Two	
studies	used	only	time	as	their	primary	outcome	measure	to	complete	set	skills	tasks(27,28),	
commenting	that	“time	reflects	accuracy”(28).	One	study	also	compared	distance	travelled	by	
the	instruments	as	an	outcome	measure	of	accuracy(22),	while	the	other	studies	recorded	
binary	outcomes	of	errors	relating	to	incorrect	completion	of	described	skills	tasks.	For	two	
studies	(24,26)	these	outcomes	were	presented	as	performance	scores	rather	than	error	
counts.	Notably,	performance	advantages	were	independent	of	participant	experience	(28).		
	
2.3(b)	 Studies	using	screen	projection	and	eyeglass	technology	
	
Five	studies	reported	outcomes	with	binocular	stereo-endoscopes	(Appendix	1:	Table	3),	
alternating	screen	image	and	active	shuttering	glasses	(29-33).	Four	studies	reported	
significant	improvements	in	performance	with	3D	systems	(29,30,32,33).	Two	of	these	studies	
used	only	time	as	their	outcome	measure	(29,	31),	and	one	also	utilised	motion	tracking	to	
record	economy	of	movement	(33).The	other	two	studies	used	error	recordings,	considered	
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dropping	of	objects,	misgrasping	or	support	required	to	complete	task.	In	one	study,	the	
screen	was	placed	very	close	to	the	surgeon	while	the	working	environment	from	the	
stereo-endoscope	was	12	cm	(31).	This	produces	conflict	between	convergence	and	focus	for	
the	operating	surgeon,	and	it	is	therefore	unsurprising	that	the	3D	system	showed	poorer	
performance.	Ergonomics	of	the	system	set	ups	has	not	been	reflected	on	very	well	in	these	
studies,	and	it	is	a	key	factor	in	achieving	the	optimal	visual	benefits	(31).	Natural	and	
enhanced	convergence	of	the	surgeons’	eyes	on	the	monitors	and	the	focal	point	of	the	
stereoscope	should	be	a	consideration	for	comfort	and	perfect	viewing	conditions,	and	may	
be	another	factor	in	some	of	the	early	failings	of	these	technologies	(42).	
	
Eight	studies	evaluated	passive	polarizing	screen	and	glass	technology	(Appendix	1:	Table	3)	
(34-41).	Two	of	these	studies	retrospectively	compared	a	series	of	operations	(laparoscopic	
cholecystectomies	and	laparoscopic	gynaecological	operations)	with	case	matched	
procedures	in	standard	2DHD	systems	(37,38).	Both	reported	a	significant	reduction	in	
operating	times	for	case	matched	procedures.	Six	laboratory	based	studies	identified	
significant	improvements	in	most	of	the	tested	parameters	when	tasks	were	performed	in	
3D	(34-36&39-41).	In	studies	which	allowed	for	repetitions	and	plateauing	of	the	learning	curve	
in	both	visual	environments	before	comparison,	there	was	a	universal	improvement	when	
comparing	3D	over	2D,	independent	of	experience	(34,36,40,41).	In	all	these	studies	they	used	
validated	lab	based	skills	tasks,	with	explicit	errors	where	objects	dropped	or	tasks	
misperformed,	as	well	as	time	as	their	comparative	end	points.		
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2.4		 Comparing	different	scopes	and	projection	systems	
	
Four	papers	described	using	more	than	one	type	of	3D	system	in	their	comparison	of	3D	vs.	
2D	(Appendix	1:	Table	4)	(42-45).	A	variety	of	single	and	dual	channel	and	robotic	systems	
where	evaluated	against	each	other	with	noteworthy	outcomes	of	true	stereoptic	systems	
and	the	robotic	3D.	Subjective	visual	disturbance	was	reported	in	three	of	the	papers	(42-44)_	
as	either	strain,	blurring	or	headache,	in	the	3D	groups	using	single	channel	scopes	or	active	
shuttering	monitor	systems.	Time	was	the	first	universal	outcome	for	all	studies.	In	the	
comparisons	of	clinical	applications,	objective	assessments	of	performance	were	used,	such	
as	suture	precision	as	judged	by	observing	experts	(42,43)	while	economy	of	movement	was	
used	with	tracking	systems(44)	as	another	outcome,	as	well	as	subjective	scoring	systems	
such	as	the	NASA	Taskload	Index,	for	effect	on	the	participant	and	their	comfort.	
	
2.5	 Other	prototype	projection	systems	
	
	Four	publications	assessed	prototype	projection	systems	(Table	5)	(46-49).	Three	used	
autostereoscopic	screen	technologies	with	binocular	scopes	thus	negating	the	need	for	
eyewear	(46,47,49).	Improvements	in	all	outcomes	were	seen	with	the	3D	group.	One	used	a	
novel	projection	system	with	a	wavelength	multiplex	camera	and	monitor	with	wavelength	
polarizing	eyewear	(a	technology	based	on	original	anaglyph	systems)	(48).	This	again	
returned	a	true	sense	of	stereopsis	and	improvements	in	outcomes	were	significant	in	3D	
over	2D.	A	variety	of	tasks	and	their	applied	outcome	measures	were	again	used.	Time	was	
universal	to	all	and	the	experiments	utilised	a	variety	of	tasks	with	set	correct	performance	
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outcomes	and	errors	if	not	done	correctly.	The	ICSAD	(Imperial	College	Surgical	Assessment	
Device)	was	used	too	(46)	to	analyse	the	movement	of	surgical	instruments,	as	a	reflection	of	
accuracy	and	precision.	
	
2.6		 Discussion	
	
There	is	subjective	and	objective	laboratory	based	evidence	in	supporting	use	of	3D	vs.	2D	
for	surgeons	of	all	experiences	as	it	provides	the	most	realistic	view	of	the	operating	field.	It	
is	also	evident	that	stereoscopic	imaging	technology	is	continuing	to	evolve	to	generate	
higher	quality	3D	images.		
	
Capture	of	true	stereopsis	from	the	operative	field	is	crucial	for	the	subsequent	projection	
of	a	true	stereoptic	image.	However,	with	such	focus	on	producing	an	effective	projection	
system,	the	acquisition	and	true	stereopsis	of	the	image	has	sometimes	been	overlooked.	It	
is	clear	from	this	review	of	the	literature	that	in	systems	which	compromised	on	the	capture	
of	two	truly	separate	images	of	the	operative	field,	they	yielded	no	advantage	for	the	
participants	using	3D	over	2D.	In	studies	using	dual	channel	stereo-endoscopes,	the	
separate	lenses	within	the	laparoscope	provided	a	greater	spatial	impression	of	stereopsis	
(50-52).	Consequently,	for	the	operator,	there	is	a	more	accurate	appreciation	of	depth.	
However	single	channel	systems	produce	images	of	greater	clarity	and	resolution	due	to	the	
greater	size	of	the	single	optic	channel	for	light	transfer	(53).	Single	channel	optics	can	
produce	convincing	stereopsis	only	at	close	operating	distances,	whereas	dual	channel	
systems	provide	significant	stereopsis	in	larger	cavities,	where	there	is	greater	distance	from	
the	end	of	the	stereo-endoscope	to	the	operating	site	(52).	Close	operating	or	near	field	
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objects	with	dual	channel	systems	can	cause	visual	discomfort	due	to	the	fixed	focal	point	of	
the	two	lenses	and	our	natural	convergence	conflicting.	Therefore,	it	is	not	surprising	that	
the	majority	of	studies	which	utilised	single	channel	laparoscopes	did	not	show	a	benefit	of	
3D	laparoscopy	as	all	used	target	operating	points	distant	to	the	scopes	key	stereoptic	
capabilities,	irrespective	of	the	projection	system	employed.	
	
Modern	projection	systems	attempt	to	provide	as	true	a	representation	of	the	natural	3D	
view	as	possible,	whilst	balancing	comfort	and	visual	ease	for	the	observer(s)	and	
maintaining	the	brightness	and	resolution	quality	of	the	image.	Active	systems	caused	visual	
disturbances,	headaches	and	symptoms	of	nausea	due	to	the	conflict	of	convergence	and	
accommodation,	as	well	as	flickering	and	discomfort	for	the	viewer	due	to	the	cumbersome	
battery	powered	glasses.		
	
Early	3D	images	had	poor	resolution	and	luminosity	as	early	cameras	could	not	cope	with	
low	light	levels	or	capture	at	high	resolution.	Projection	systems	were	equally	constrained	
by	low	refresh	rates,	low	resolution	and	brightness.	This	added	to	discomfort	and	degraded	
the	early	3D	view	(52).	It	has	been	demonstrated	that	image	quality	is	vital	for	precision	and	
surgical	performance,	as	2DHD	systems	produced	better	results	when	compared	with	
standard	view	2D	and	3D	(20).	The	use	of	polarizing	glasses	and	filters	over	the	shuttering	
screen	provides	a	more	comfortable	wear	experience	for	the	observer	but	this	is	at	the	
expense	of	image	brightness.	
	
Head-mounted	displays	provide	good	quality	images	with	no	degradation	in	quality	or	light,	
and	preserve	the	normal	hand-eye	axis	(54).	However	open	sided	head	units,	which	don’t	
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block	surrounding	visual	stimuli,	can	cause	headaches	and	dizziness	due	to	conflicting	
information	from	visual	input	and	body	position	whilst	with	sealed	units	the	surgeons	are	
isolated	from	surroundings	and	unable	to	react	to	unforeseen	environmental	incidents	(43).	
	
The	Da	Vinci	robotic	system	(IntuitiveTM,	USA)	allows	for	fixed	console	viewing	and	so	
provides	an	unparalleled	quality	of	stereopsis	for	the	surgeon.	All	the	studies	which	
assessed	binocular	and	biocular	(same	view	through	each	eye,	therefore	2D	view)	(52),	
showed	statistically	significant	advantages	with	3D	performance	for	time	and	errors,	
reduced	motion,	and	all	other	comparative	markers	for	surgical	performance.	There	can	be	
no	doubt	that	the	advantages	noted	were	purely	due	to	the	improvement	in	view	provided	
by	reintroduction	of	natural	stereoptic	depth	cues.	However,	use	of	the	robot	is	limited	to	a	
relatively	small	number	of	procedures	where	advantage	of	the	robotic	platform	over	
standard	laparoscopic	techniques	has	been	established.	
	
Later	studies	which	used	binocular	endoscopes	and	the	latest	passive	polarizing	projection	
systems,	identified	no	subjective	impairment	or	‘side	effects’	to	using	the	3D	systems.	The	
majority	identified	significant	differences	in	their	respective	markers	of	surgical	
performance	when	comparing	classical	laparoscopy	to	3D	systems.	Whilst	surgeon	
experience	does	affect	outcomes,	it	must	be	appreciated	that	experience	in	classical	
laparoscopy	leads	to	the	development	of	techniques	to	overcome	the	lack	of	stereopsis.	
This	therefore	favors	poorer	outcomes	with	the	3D	system	in	studies	where	the	assessment	
was	made	after	short	exposure	times	and	single	repetition	of	skills	(35,39,40).	Studies	which	
accounted	for	learning	curves	by	allowing	familiarisation	with	the	system	with	multiple	
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repetitions	and	well	powered	sample	sizes	demonstrate	clearly	the	benefits	in	performance	
achievable	with	3D	laparoscopy	(32,34,36,41).	
	
High	quality	experimental	studies	have	shown	that	the	latest	3D	systems	using	dual	channel	
stereo-endoscopes	and	passive	polarizing	technology	provide	a	‘near	natural’	view,	almost	
comparable	to	that	observed	by	the	Da	Vinci.	However,	their	clinical	application	has	yet	to	
be	addressed	with	Level	1	evidence.	The	only	randomised	clinical	trial	assessing	3D	systems	
(10),	and	addressed	by	Cochrane	review	(55),	showed	no	discernible	difference	for	
laparoscopic	cholecystectomy	performance.	However,	this	study	is	over	ten	years	old	and	
the	system	assessed	used	a	single	channel	scope	and	active	shuttering	projection,	which	
was	unlikely	to	have	provided	a	true	stereoptic	impression	of	the	operating	field	
throughout.	Studies	that	investigated	the	clinical	application	of	the	latest	3D	systems	
identify	performance	advantages	but	are	underpowered	(37,38).		
	
The	studies	above	use	a	variety	of	outcome	measures	to	provide	a	comparison	of	the	
benefits,	or	not,	of	stereoptic	visual	systems	in	laparoscopy.	Time	of	performance	is	the	
most	universal	outcome	measure	–	a	crude	reflection	of	skill,	ability	and	improvement	in	
performance	but	an	easily	recordable	and	comparable	one.	The	majority	of	tasks	involve	a	
box	trainer	of	some	form	or	another	with	a	fixed	camera	system,	controlling	for	the	depth	
perception	that	movement	can	provide	in	the	2D	environment	of	true	laparoscopic	surgery.	
Also,	the	lack	of	colour	variation	and	shadowing	from	internal	organs,	should	enhance	the	
effects	of	stereopsis	in	controlled	lab	task	set	ups.	A	variety	of	skills	tasks	were	designed	or	
adapted	to	compare	the	2D	and	3D	visual	systems.	Some	experiments	used	validated	
systems	in	current	laparoscopic	training,	such	as	MISTELS,	FLS	and	E-BLUS	(European	
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training	in	basic	laparoscopic	skills	in	urology)	(19,	39,	40),	while	others	used	very	similar	
adapted	skills	tasks	comparing	object	pick-ups,	transfers	and	suture	skills	(eg.32,	36,	41).	These	
tasks	allowed	an	easy	reflection	of	an	error	as	there	are	very	clear	correct/incorrect	actions	
in	these	tasks.	These	are	very	transparent	in	lab	based	tasks	but	not	comparable	to	the	
unpredictable	environment	of	true	surgery.	Some	experiments	assessed	movement	and	
length	of	instrument	passage	as	a	marker	of	accuracy/precision	and	used	as	a	comparative	
outcome	measure	(22,33,44,46).	The	application	of	this	to	true	surgery	may	be	an	applicable	tool	
however,	it	adds	another	technology	to	the	environment	and	a	bulky	kit	to	maneuver	with.	
A	few	studies	used	objective	assessment	by	experts	for	accuracy	and	precision	to	apply	a	
‘performance	score’	(15,16,24,26,42).	For	this	to	truly	reflect	on	real	surgery,	I	would	imagine	a	
more	detailed	assessment	tool	would	have	to	be	the	backbone	for	the	structured	
assessment,	as	multiple	different	tasks	are	involved	in	completing	a	true	operation.	To	
adapt	the	previously	performed	laboratory	based	studies	to	a	Randomised	Controlled	Trial	
in	true	surgery,	outcome	measures	of	‘Time	and	Errors’	needed	to	be	applied	appropriately	
and	tools	for	such	within	the	realm	of	real	surgery	were	therefore	investigated.	
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Chapter	3:		 Assessing	for	errors	
	
3.1	 To	err	is	human	
	
“To	Err	is	Human”	is	part	of	a	quote	from	a	famous	statement	attributed	to	Pope	Alexander	
VI	(Rodrigo	Borgia,	1431-1503)	and	was	used	as	the	title	of	a	report	of	The	Institute	of	
Medicine	investigating	outcomes	in	healthcare	related	to	human	error	production(72).	
	
In	all	the	laboratory-based	experiments	described	in	Chapter	1,	outcomes	were	mainly	
related	to	time	for	task	completion	and	errors	enacted	during	tasks.	These	end	points	are	
chosen	as	they	represent	surrogate	markers	for	surgical	performance.	I	appreciate	that	
‘time’	should	not	be	considered	a	marker	for	surgical	performance,	as	a	fast	operation	does	
not	necessarily	equal	a	safe	and	precise	one.	However,	it	has	been	shown	many	times	over	
in	the	literature	that	the	more	experienced	a	surgeon,	the	less	time	an	operation	takes,	
which	relates	to	efficiency	of	movement,	less	steps	and	a	reduction	in	errors	or	problems(56).	
Time	does	provide	a	good	numerical	and	comparable	primary	end	point.		
	
Error	production	is	a	more	complex	end	point	to	quantify	and	assess.	In	laboratory	based	
tasks,	errors	can	be	clearly	defined	in	black	and	white	terms,	for	example,	cut	on	the	line	=	
correct,	cut	off	the	line	=	error;	pass	the	rope	between	instruments	grasping	only	the	black	
stripes	=	correct,	grasp	the	white	stripe	=	error.	Translating	this	to	the	complex	environment	
of	surgery	and	an	actual	operation	is	more	challenging.	
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Surgery	is	a	skill	and	training	an	apprenticeship.	Trainees	operate	with	senior	surgeons	and	
master	the	techniques	of	individual	operations	and	their	steps.	This	is	as	well	as	global	
operative	skills	and	experience	which	can	be	adapted	and	applied	to	more	complex,	unusual	
or	emergency	operations	where	findings	and	proceedings	are	not	standard	or	‘textbook’.	
Surgeons	make	errors	when	operating,	less	with	increasing	experience	(56,	77),	but	errors	are	
made,	in	fact	there	may	be	a	background	error	rate	innate	to	every	operation	(57).	Whether	
the	error	results	in	a	consequence	that	needs	correction	intra-operatively,	or	a	complication	
affecting	the	patient	post-operatively,	depends	on	the	significance	of	the	error.	Minimally	
invasive	surgery	has	a	long	steep	learning	curve,	as	already	discussed,	and	most	errors	are	
made	in	a	surgeon’s	early	training	or	‘early	in	the	learning	curve’	such	as	within	the	first	30	
laparoscopic	cholecystectomies	as	found	by	the	Southern	Surgeons	Club	(58).	The	skill	of	
minimally	invasive	surgery	is	to	operate	whilst	overcoming	the	limitations	of	the	straight	
instruments,	fulcrum	effect	of	access	points,	and	2-dimensional	view.		
	
The	goal	of	assessing	the	3-dimensional	laparoscopy	was	to	see	if	errors	could	be	reduced	in	
true	surgery	when	compared	to	the	current	gold	standard	2d	HD	laparoscopic	view.	In	
designing	a	clinical	trial,	I	needed	to	identify	a	validated	tool	for	the	assessment	and	analysis	
of	errors	enacted	in	surgery.		The	aim	of	this	chapter	was	to	evaluate	surgical	error	
assessment	tools	in	the	literature	and	demonstrate	why	certain	tools	were	chosen	and	
adapted	for	this	study.	
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3.2		 How	can	we	assess	surgical	error?	
	
How	to	assess	surgical	error	and	performance	has	been	an	interesting	topic	of	research	for	
many	academic	surgical	units	over	the	last	decade.	The	objective	being	to	improve	training	
and	patient/surgical	outcomes.	A	meta-analysis	and	a	systematic	review	in	the	literature	
provide	valuable	insight	into	the	tools	and	techniques	employed	to	assess	surgery.	P.D.	Van	
Hove	et	al	(2010)	(59)	identified	104	published	studies	that	looked	at	assessing	surgical	skills,	
and	found	only	28	studies	were	assessment	tools	that	were	applied	to	the	operating	
theatre,	the	rest	were	in	virtual	reality	(VR)	or	lab	based	simulators.	They	showed	that	tools	
used	in	true	surgery	settings	related	either	to	procedure-based	check	lists	(which	can	be	
employed	live	or	with	video	recordings),	global	rating	scales	or	motion	analysis	equipment	
and	software.	
K.	Ahmed	et	al	(2011)	(60)	looked	at	observational	tools	only	(106	studies),	discounting	the	
use	of	motion	analysis	or	VR.	They	felt	that	tools	could	be	categorized	as	either	Global	
Assessment	Scales,	task-	specific	tools	or	a	combination	of	both.	
	
3.2(a)	 Global	Assessment	Scales	
	
The	most	utilised	global	assessment	scale	is	OSATS	(Objective	Structured	Assessment	of	
Technical	Skills)	which	is	designed	for	open	surgery	(60).	This	was	adapted	and	validated	
against	minimally	invasive	surgery	by	M.	Vassilou	et	al	(2005)	(61)	as	“GOALS”	(Global	
Operative	Assessment	of	Laparoscopic	Skills),	consisting	of	a	five-item	Likert-scale	relating	
to	depth	perception,	bimanual	dexterity,	efficiency,	tissue	handling	and	autonomy.	It	has	
been	validated	against	different	laparoscopic	operations,	with	good	reproducibility	and	
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interrater	reliability	(59,61)	and	shows	construct	validity,	when	assessed	against	trainees	and	
expert	surgeons	with	video	recordings	(62).	Although	it	has	been	used	against	specific	
operations	like	laparoscopic	cholecystectomy,	its	main	role	is	as	a	training	tool	for	trainee	
surgeons,	and	the	assessment	tool	is	not	designed	to	be	specific	to	the	individual	operation	
or	its	intricacies.	For	this	study,	it	was	considered	not	to	be	ideal	for	the	assessment	of	the	
surgical	performance	as	it	is	not	detailed	enough	to	highlight	specific	areas	of	difference	in	
operating	with	2D	vs	3D	systems.	Errors	themselves	are	not	individually	accounted	for	and	
the	Likert	scale	has	always	been	used	to	assess	trainees	up	to	acceptable	competence	
levels.	It	is	not	likely	to	show	any	difference	between	effects	of	2D	and	3D	as	expert	
surgeons	are	likely	to	be	top	scoring	for	all	five	items	in	2D.	
	
3.2(b)	 Motion	Analysis	Tools	
	
Motion	analysis	has	been	addressed	by	several	studies,	showing	a	good	correlation	of	
number	of	movements,	length	of	instrument	passage	and	smoothness	of	travel	relating	to	
experience	of	surgeon	and	reduction	in	error	production	(59,	63).	Only	a	couple	of	units	have	
trialled	their	systems	in	true	operations,	Imperial	College,	London	UK	(59,	63)	and	University	of	
British	Colombia,	Vancouver	Canada	(64).	Although	these	systems	provide	instant,	objective	
and	reliable	assessment	of	laparoscopic	operating,	which	can	be	translated	to	senior	
surgeons,	it	requires	bulky	and	expensive	kit	which	adds	another	technical	dimension	to	the	
operating	theatre	and	reduces	the	‘close	to	normal’	settings	that	one	would	want	to	control	
within	clinical	trial	parameters.	
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3.2(c)		 Procedure-based	checklists	
	
Hove	et	al	(2010)	and	Ahmed	et	al	(2011)	both	identified	studies	which	used	specifically	
designed	checklists	for	individual	operations	(59,	60).	These	involve	breaking	the	operation	
into	its	relevant	steps	and	highlighting	where	interventions	may	need	to	occur.	Of	the	
several	designed	specifically	for	Laparoscopic	Cholecystectomy,	some	are	simple	checklists	
of	procedure	and	interventions,	such	as	designed	by	Eubanks	(65).	They	described	a	basic	
step	by	step	checklist	as	a	point	scoring	system,	with	high	score	showing	poor	performance.	
Additional	points	are	added	for	errors	enacted,	with	the	most	points	earnt	by	significant	
errors	like	perforating	the	gallbladder.		
	
Sarker	et	al	(2005)	designed	and	validated	a	laparoscopic	cholecystectomy	checklist	(57,	66,	67)	
based	on	a	more	technical	break	down	of	the	operation	and	then	additional	recordings	of	
minor,	major	and	significant	major	errors	separately.	This	has	been	validated	against	
operations	performed	by	consultants	(57),	shown	construct	validity	with	application	against	
operations	performed	by	trainees	and	consultants	(66),	and	further	evolved	as	a	“Hierarchical	
Task	Analysis”	for	senior	and	experienced	surgeons	to	use	for	‘self-appraisal	(67).	This	tool	
shows	potential	for	use,	especially	as	usable	in	expert	surgeon	operations,	however,	it	still	
lacks	the	detail	which	may	be	key	to	defining	the	error	reduction	that	3D	laparoscopy	may	
afford.	
	
Seymour	et	al	(2006)	(68)	designed	a	checklist	based	on	error	enacted	in	Laparoscopic	
cholecystectomies.	This	was	the	opposite	of	previous	checklists	looking	at	sections/sub-
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tasks	of	the	operation,	instead	eight	common	errors	were	listed	and	their	occurrence,	or	
not,	in	the	operation	in	a	‘minute-by-minute’	fashion	was	documented.	
	
Although	these	tools	provide	a	more	selective	assessment	of	the	technical	surgery,	none	
provide	explanation	or	assessment	of	the	mechanism	of	the	enacted	error.	Therefore	I	felt	
they	were	lacking	as	potential	tools	for	this	study	as	they	did	not	allow	a	clarified	insight	into	
error	production	and	potential	error	reduction	assessment.	
	
3.2(d)	Human	Reliability	Assessment,	HRA	
	
More	advanced	checklist	systems	have	been	used,	incorporating	error	accountability	and	
analysis.		These	have	evolved	from	the	adaptation	of	Human	Reliability	Assessment	and	
Human	Factors	techniques.	Originally	described	by	Dr	David	Embrey,	Systematic	Human	
Error	Reduction	&	Prediction	Analysis	(SHERPA)	(69)	allows	for	all	activities	to	be	thought	of	
as	Tasks	being	a	series	of	interconnecting	steps,	and	these	steps	can	be	broken	down	
further	into	sub-tasks	–	which	follows	the	idea	of	the	Hierarchical	Task	Analysis.	Each	step	
can	then	be	analysed	for	failures	that	have	or	could	occur,	and	a	model	of	error	production	
applied	to	each	failure.	This	produces	a	list	of	External	Error	Modes	of	how	errors	occur,	
figure	8,	which	can	be	related	to	the	process	or	the	action	for	evaluation.	This	model	
considers	errors	as	being	either	‘inter-step’	(the	correct	steps	being	performed	in	the	
correct	order;	Error	Modes	1-6,	Figure	8),	or	‘intra-step’	(the	execution,	or	lack	of,	the	
subtask;	Error	Modes	7-10,	Figure	8)	(70).		
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1.	Step	is	not	done	
2.	Step	is	partially	completed	
3.	Step	is	repeated	
4.	Second	step	is	done	in	addition	
5.	Second	step	is	done	instead	of	first	step	
6.	Step	is	done	out	of	sequence	
7.	Step	is	done	with	too	much	force,	speed,	depth,	distance,	time	or	rotation	
8.	Step	is	done	with	too	little	force,	speed,	depth,	distance,	time	or	rotation	
9.	Step	is	done	in	wrong	orientation,	direction	or	point	in	space	
10.	Step	is	done	on/with	the	wrong	object	(or	plane)	
	
Figure	8	 List	of	External	Error	Modes,	EEMs,	identified	by	SHERPA	for	application	to	
laparoscopic	surgery	
	
The	aim	is	to	highlight	the	mode/mechanism	of	error	occurrence	and	feedback	methods	to	
allow	for	error	awareness	and	avoidance.	This	methodology	has	led	to	intricate	safety	
mechanisms	and	checklists	throughout	high	risk	industries,	such	as	in	Nuclear	Power	and	
Aviation,	as	well	as	providing	a	vital	method	for	evaluation	and	analysis	of	further	‘near	
misses’,	as	they	occur,	to	try	to	prevent	a	significant	error.	The	basis	being	that	‘error’	is	a	
natural	human	condition	but	simplifying	procedures	and	safeguarding	known	hazardous	
tasks	can	reduce	the	occurrence	of	human	error,	and	its	consequence.	
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This	methodology	has	been	taken	on	by	experienced	surgeons	and	embraced	as	a	potential	
solution	to	reducing	errors	in	the	operating	theatre	(70-72).	Joice	et	al	(1998)	utilised	a	
modified	HRA	in	their	study,	showing	this	methodology	as	an	applicable	research	tool	for	
analysing	error	in	Laparoscopic	surgery	(73).	This	tool	was	validated	further	as	the	
Observational	Clinical	Human	Reliability	Assessment	(OCHRA)	tool	(74)	in	laparoscopic	
cholecystectomy	allowing	for	a	thorough	objective	assessment	of	surgical	performance	by	
documenting	error	production,	consequence	and	mode.	When	utilised	in	the	assessment	of	
trainees	completing	simulated	laparoscopic	cholecystectomies,	OCHRA	was	able	to	clearly	
show	the	variation	in	error	performance	amongst	trainees	(75).	When	compared	against	
OSCE	assessments	for	surgical	trainees,	OCHRA	was	shown	to	be	more	a	discriminative	tool	
for	surgical	performance,	although	its	labour-intensive	nature	limits	its	routine	application	
(76).	OCHRA	has	been	shown	to	be	adaptable	to	other	procedures	and	surgical	fields	with	
great	success	in	discriminating	between	experienced	and	non-experienced	surgeons	(77),	
error	production	in	experienced	surgeons	(78)	and	as	a	viable	tool	for	specialist	revalidation	
(79).	It	has	also	been	used	as	the	‘standard’	in	the	assessment	of	technical	errors	when	
highlighting	comparable	nontechnical	errors	in	the	holistic	surgical	assessment	of	the	
operating	team	(80).		
	
Consequently,	OCHRA	represents	a	viable	assessment	tool	for	identifying	if	there	are	any	
surgical	performance	differences	or	changes	in	error	production	when	using	a	3D-
laparoscopic	system	for	operating.	
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3.3	 Utilising	and	adapting	OCHRA	for	my	clinical	trial	
	
Joice	et	al	(1998)	describe	the	full	task	analysis	of	the	technique	of	laparoscopic	
cholecystectomy,	based	on	a	standard	four-port	laparoscopic	technique	(like	originally	
described	by	The	Dundee	Technique	(81)),	which	breaks	the	operation	into	tasks	and	sub	
tasks,	see	below,	(73).		When	Tang	et	al	(2004)	(74)	used	this	task	analysis	for	the	development	
of	OCHRA,	they	focused	on	the	three	main	task	zones	of	the	actual	technical	operating	
component	of	the	operation	and	used	these	sections	to	identify	errors	of	skill.		
	
The	three	task	zones	are:	
	
1. Dissection	of	adhesions	and	peritoneum	over	gallbladder	and	exposure	of	the	
cystic	duct	and	cystic	artery.		
	
2. Securing	and	transecting	the	duct	and	artery.	
	
3. Dissecting	the	gallbladder	off	the	liver	
	
	
For	the	work	in	this	study,	HTA	was	adapted	from	Joice’s	original	to	encompass	the	three	
task	zones	above,	as	these	are	the	main	execution	areas	of	a	laparoscopic	cholecystectomy,	
figure	9.		
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Figure	9	 Task	analysis	of	laparoscopic	cholecystectomy,	taken	from	Joice	et	al	(2004)	
(73)	and	highlighted	to	show	sections	being	used	as	my	hierarchical	task	
analysis,	HTA,	encompassing	the	operating	sections	only.	
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3.4	 Understanding	and	applying	Human	Factors	Techniques	and	HRA	
	
Human	Factors	Training	was	undertaken	with	Terema	Ltd,	at	ICENI	Centre,	Colchester.	
OCHRA	training	was	provided	by	Mr	Danilo	Miskovic	and	Ms	Susannah	Wyles	at	the	
Academic	Surgical	Unit,	Imperial	College,	St	Mary’s	Hospital,	London,	who	had	been	trained	
in	HRA	and	consequently	adapted	OCHRA	for	use	with	the	National	Training	Programme	for	
Laparoscopic	Colorectal	Surgery	(79).		
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Chapter	4:		Study	Aims,	hypothesis	and	End-points	
	
4.1	 Aims	
	
Establishing	the	benefits	of	these	systems	can	only	truly	be	addressed	with	Level	1	evidence	
from	a	randomised	controlled	clinical	trial,	using	appropriately	powered	sample	sizes.	This	
thesis	aimed	to	achieve	this	and	provide	a	necessary	addition	to	the	universal	knowledge	
base	of	3D	laparoscopy.	This	research	project	was	designed	to	investigate	whether	the	
benefits	to	surgical	efficiency,	and	reduction	in	error	production,	found	in	laboratory	based	
experiments,	were	translatable	to	the	operating	theatre	in	true	surgery.	The	assumption	is	
these	benefits	will	translate	to	improvements	in	surgical	efficiency	and	patient	safety,	by	
reducing	technical	errors	of	surgical	performance.	Laparoscopic	cholecystectomy	was	
chosen	as	the	index	operation	as	such	a	common	day	case	procedure.		
	
4.2a	 Null	hypothesis		
	
The	introduction	of	a	3D	laparoscopic	view	will	have	no	effect	on	the	length	of	operation	
time	in	laparoscopic	cholecystectomies	performed	by	expert	surgeons.	
	
4.2b	 Alternative	hypothesis		
	
The	introduction	of	a	3D	laparoscopic	view	will	reduce	the	operating	time	of	laparoscopic	
cholecystectomy	when	compared	to	current	gold	standard	2D	HD	laparoscopic	view.		
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4.3	 End-points	
	
Primary	end	point	was	considered	time,	seconds,	of	overall	technical	operating	portion	of	
surgery.	This	was	chosen	as	a	straight	forward	measurable	entity	and	has	consistency	with	
previous	studies	evaluating	technology	in	the	lab	(40).	Associated	end	points	include	time,	
seconds,	of	the	individual	task	zones	of	the	operation.	The	primary	end	point	also	allowed	
for	powering	of	the	trial	using	published	time	data	on	standard	2D	operations	to	be	used,	as	
explained	later.	
	
Secondary	end	point	was	errors	enacted,	using	OCHRA	tool.	Chosen	as	a	secondary	end	
point	rather	than	primary	as	no	similar	published	work	in	the	literature	available	to	use	for	
powering	and	comparison.	To	have	done	a	pilot	study	of	2D	laparoscopic	cholecystectomies	
as	our	baseline	would	have	taken	a	long	time,	probably	provided	powering	of	large	
recruitment	numbers	in	each	arm	and	not	been	feasible	during	the	time	constraints	of	time	
in	research.	
	
4.4		 Other	outcomes	
	
Other	clinical	outcomes	were	monitored	during	the	progression	of	the	trial,	including	length	
of	stay,	post-operative	complications	and	48	hours	readmissions,	although	not	formally	
reported	as	part	of	the	study.	No	adverse	events	or	readmissions	occurred	during	the	
course	of	the	trial.	 	
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Chapter	5:		 Methods	
	
5.1	 Primary	end-points	
	
Primary	end-point	was	Total	time	of	surgery,	seconds,	for	the	combination	of	the	three	task	
zones	discussed	in	Chapter	2.	The	three	task	zones/sections	are	identified	as	described	in	
table	1	below,	and	total	time	of	surgery	was	considered	from	the	beginning	of	section	1	to	
the	end	of	section	3.	Individual	section	times	were	also	recorded,	seconds.		
	
Table	1	 The	three	operating	sections	of	a	laparoscopic	cholecystectomy	being	used	as	
the	sole	components	of	the	primary	end	points	for	total	time	and	section	
times	
Section	
Number	
Task	 Start	Point	 End	Point	
1	
Dissection	of	Calot’s	
Triangle	
Grasping	of	
fundus	&	
elevating	
Clear	
identification	of	
the	Cystic	artery	
&	Cystic	Duct	
2	
Clipping	&	cutting	cystic	
duct	&	artery	
Entrance	of	clip	
applicator	
Duct	&	artery	
divided	
3	
Detachment	of	gallbladder	
from	liver	bed	
After	division	of	
duct	&	artery	
Gallbladder	fully	
detached	from	
liver	bed.	
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5.2	 Secondary	end	points	
	
Secondary	end-points	were	time,	seconds,	of	each	section	of	the	operation	and	
consequential	errors	enacted	in	the	operations	–	considered	consequential	if	they	needed	
extra	unplanned	steps	away	from	the	HTA	to	correct	or	manage.	Using	the	OCHRA	scoring	
system,	as	described	in	Chapter	2,	the	steps	or	HTA	(Hierarchical	Task	Analysis)	of	the	
laparoscopic	cholecystectomy	were	defined	as:	
	
Table	2	 The	HTA	of	the	three	sections	of	a	laparoscopic	cholecystectomy	used	for	
assessment	of	errors	in	this	study	
Task	
No.	
Section	 Task	 Plan	 Subtask	No.	 Subtask	
1	 1	 Dissect	&	
expose	cystic	
artery	(CA)	and	
cystic	duct	(CD)	
Do	subtask	1.1,	if	
necessary,	then	
1.2	–	1.4	in	
consecutive	
order	
1.1	 Dissect	adhesions	to	
gallbladder	(GB)	
1.2	 Dissect	and	mobilise	
Hartmann’s	pouch	
1.3	 Dissect	and	isolate	CD	
1.4	 Dissect	and	mobilise	CA	
2	 2	 Secure	CA	&	CD	 Do	subtasks	2.1-
2.4	in	any	order	
2.1	 Place	2	clips	on	proximal	
CA	
2.2	 Place	1	clip	on	distal	CA	
2.3	 Place	2	clips	on	proximal	
CD	
2.4		 Place	1	clip	on	distal	CD	
3	 Transect	CA	
between	clips	
Do	task	3	 	 	
4	 Transect	CD	
between	clips	
Do	task	4	 	 	
5	 3	 Detach	GB	from	
liver	bed	
Do	subtasks	5.1-
5.3	in	any	order;	
then	subtask	5.4	
5.1	 Dissect	left/medial	side	
of	GB	up	to	fundus	
5.2	 Dissect	right/lateral	side	
of	GB	up	to	fundus	
5.3	 Separate	undersurface	
of	GB	from	liver	
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Two	independent	observers,	who	were	both	expert	laparoscopic	surgeons,	were	trained	in	
HRA	and	use	of	OCHRA.	Their	training	was	the	same	as	the	researchers,	who	led	and	verified	
the	observers	understanding	and	application	of	OCHRA.	One	of	the	observers	had	also	been	
one	of	the	recruited	surgeons	in	the	trial,	however,	video	analysis	occurred	over	six	months	
after	the	end	of	recruitment	and	performance	of	the	operations.	Inter-rater	reliability	
assessment	of	their	analyses	was	performed	to	ensure	accuracy	of	the	tool	and	the	
observers.	The	observers	analysed	the	operations	for	consequential	error	production	and	
attributed	modes	(EEMs)	of	error	production	to	further	identify	which	errors	were	affected	
(if	at	all)	by	changing	the	view.	The	observers	were	blinded	to	which	system/view	was	used	
as	all	videos	for	analysis	during	the	analysis	stage	were	presented	in	2D	HD.	The	observers	
were	blinded	to	the	operating	surgeon	as	only	the	internal	views	were	shown,	with	no	
sound.	Using	a	pre-fashioned	booklet,	with	a	page	dedicated	to	each	operation	(Appendix	2)	
the	observers	recorded:	
• The	error	
• The	time	at	which	the	enacted	error	occurred	
• A	subjective	description	of	the	error		
• Attributed	a	EEM	for	the	error,	subjectively	
	
5.3	 Patient	Selection		
	
Patients	listed	for	Day	Case	Laparoscopic	Cholecystectomy	were	considered	for	the	trial.		
Exclusion	criteria:	
• Age	<18;	>65	
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• Any	previous	history	of	cholecystitis	or	admission	to	hospital	with	gallbladder	
pathology		
• Previous	upper	abdominal	surgery	
• Non-day	case	elective	patients	
• Abnormal	pre-operative	biochemistry	(deranged	inflammatory	markers	or	
liver	function	tests)		
• Unable	to	consent		
	
Elderly	patients	are	more	likely	to	have	difficult	operations	due	to	longevity	of	symptoms	
and	disease,	as	well	as	other	co-morbidities.	Previous	cholecystitis	increases	risk	of	a	
difficult	gallbladder	with	adhesions,	and	abnormal	blood	tests	increase	risk	of	an	unplanned	
cholangiogram	or	alteration	to	surgical	plan.	
	
5.4	 Surgeon	Selection	&	Preparation	
	
All	Consultant	General	Surgeons	at	the	Royal	Surrey	County	Hospital,	Guildford,	who	were	
expert	laparoscopic	surgeons	were	invited	to	be	the	Surgeon	Participants	in	the	trial.	An	
expert	laparoscopic	surgeon	was	considered	as	one	with	greater	than	100	laparoscopic	
cases	as	first	surgeon	on	their	logbooks	(41).	They	were	also	competent	laparoscopic	
cholecystectomy	surgeons,	offering	the	procedure	in	their	NHS	and	private	practices.	All	
surgeons	were	given	a	“Surgeon’s	information	leaflet”	explaining	the	trial	and	their	role	
(Appendix	3)	and	all	completed	and	signed	a	consent	form	to	enrol	in	the	trial	(Appendix	4).		
The	surgeons	were	considered	equal	as	all	Consultants,	and	the	individual	surgeon	was	not	
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the	basis	of	the	analysis.	All	surgeons	were	experienced	with	the	3D	systems,	having	each	
done	over	10	laparoscopic	cases	using	the	3D	systems.	All	surgeons	underwent	basic	
stereopsis	assessment	to	ensure	they	would	appreciate	the	full	effect	of	the	3D	Passive	
Polarising	Systems	–	this	was	done	with	the	“Wirt	Fly	Test”	evaluating	both	gross	stereopsis	
(2500	to	1200	seconds	of	arc)	and	fine	depth	perception.	All	surgeons	completed	each	level	
successfully	(by	identifying	the	stereo-imposed	image	in	the	shown	group)	and	had	
comparable	stereopsis.	
	
Figure	10	 The	Wirt	Fly	Test,	used	to	evaluate	gross	stereopsis	in	ophthalmology	
	
5.5	 Patient	identification	&	preparation	
	
Patients	placed	on	the	waiting	list	for	an	elective	day	case	laparoscopic	cholecystectomy	(a	
decision	made	clinically	due	to	underlying	gallbladder	disease	or	symptoms)	were	provided	
with	an	information	leaflet	regarding	the	trial,	at	their	pre-assessment	appointment.	The	
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information	leaflet	(Appendix	5)	provided	thorough	details	about	the	project	and	what	
would	be	involved	at	every	step,	as	well	as	contact	details	of	the	research	team	should	there	
be	any	questions	before	surgery.	Consultant	secretaries	and	admission	officers	emailed	
upcoming	theatre	lists	(to	the	researcher)	weekly	so	all	elective	laparoscopic	
cholecystectomy	patients	could	be	identified.	
		
Patients	were	consented	after	admission	to	the	Day	Surgery	Unit	or	Surgical	Short	Stay	Unit	
before	their	surgery.	Written	consent	was	obtained	for	enrolment	in	the	trial	and	the	
consent	form	was	copied	and	a	copy	given	to	the	patient,	a	copy	taken	for	the	trial	master	
folder	and	the	original	filed	in	the	patients	notes	(Appendix	6).	
	
5.6	 Randomisation	
	
Patients	were	already	randomly	allocated	to	operating	lists	and	surgeon	by	list	availability	
and	waiting	list	position	or	priority.	Patients	within	this	trial	were	randomised	to	have	their	
surgery	performed	in	2D	or	3D	by	matching	their	trial	number	allocation,	after	enrolment,	
to	a	randomised	block	plan.	The	plan	was	produced	with	a	computer	program	using	a	single	
plan	of	2	options	randomised	over	120	stems.	The	result	of	the	randomisation	was	placed	in	
a	sealed	white	envelope	and	the	trial	allocation	number	written	on	the	front,	producing	120	
sealed	envelopes	at	the	beginning	of	the	trial.	On	assignment	of	a	trial	number	at	
enrolment,	the	envelope	was	opened	to	determine	whether	the	case	would	be	3D	or	2D.	
	
5.7		 Blinding	
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Patients	were	blinded	to	their	randomisation,	as	unaware	of	the	result	of	allocation.	The	
surgeons	could	not	be	blinded	to	the	allocation	–	as	performing	the	operation	in	the	
allocated	view.	Videos	were	all	recorded	in	2D	HD	with	no	patient	or	view	identifying	
features,	and	recorded	under	the	title	of	their	allocation	number.	The	researcher,	who	
downloaded	the	videos	and	edited	them,	processed	them	in	groups	several	weeks	after	
recording,	with	no	other	information	other	than	the	video	number,	to	reduce	bias	and	blind	
the	researcher	during	video	editing.	The	observers	analysing	the	videos	for	errors	were	also	
blinded	to	the	view	and	surgeon.	
	
5.8	 Surgical	technique	/	method		
	
A	standardised	surgical	technique	was	performed	by	using	a	4-port	access	with	blunt	
Maryland	or	hook	diathermy	dissection	(81).	The	difficulty	of	the	operation	is	known	to	affect	
surgical	length	and	complication	rate.	To	grade	the	operative	difficulty,	an	intra-operative	
assessment	of	macroscopic	gallbladder	pathology	was	made	using	the	following	scale	(82)		
	
Grade	1,	thin-walled	gallbladder,	no	adhesions;	
Grade	2,	filmy	gallbladder	adhesions;		
Grade	3,	thick-walled	or	surrounded	by	adhesions;		
Grade	4,	dense	adhesions,	attachment	of	adjacent	organs,	or	empyema	of	the	
gallbladder.	
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Assessment	was	made	by	the	researcher	during	postoperative	editing	of	the	videos.		There	
were	no	identifiable	factors	on	the	video	to	recognise	those	performed	in	3D	and	those	in	
2D.	
	
5.9	 Operating	AV	kit	for	2D	&	3D	and	recording	system	
	
All	2D	procedures	were	performed	using	standard	laparoscopic	HD	screens	in	current	use	at	
the	Royal	Surrey	County	Hospital.	The	3D	procedures	were	performed	using	Passive	
Polarising	3D	displays,	provided	from	OlympusTM	&	Karl	StorzTM	.	All	operations	were	
performed	with	0-degree	endoscopes.	2D	HD	recordings	were	made	of	all	operations	(be	
they	performed	with	2D	systems	or	3D	systems)	without	sound.	The	videos	were	edited	
using	IMovie	by	AppleTM.	The	editing		produced	videos	showing	the	three	sections	of	the	
operation	under	consideration,	allowing	the	videos	to	start	at	the	beginning	of	the	actual	
technical	surgery	and	end	when	the	gallbladder	was	off	the	liver.	This	unaltered	video	of	the	
actual	technical	operating	was	separated	into	the	three	sections	already	described.	If	a	
procedure	contained	an	on-table	cholangiogram,	this	segment	was	removed	from	the	video	
(as	it	was	not	consistent	in	every	case).	The	edited	videos	were	collated	and	labelled	by	
video	number	which	correlated	to	trial/operation	number	(i.e.	Lap	Chole	001	–	Lap	Chole	
120)	and	issued	in	groups	of	30	to	the	observers	for	assessment,	as	described	before.	All	
videos	were	edited	by	the	researcher	to	ensure	editing	points	were	comparable	and	to	
reduce	variability	of	assessment.	During	editing,	apart	from	knowing	the	video/	trial	
participant	number,	there	were	no	distinguishing	features	to	identify	the	view,	the	patient	
or	the	surgeon	(all	videos	2D	HD	with	no	sound	and	only	internal	images).	
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5.10	 Sample	size	calculation	
A	laboratory	study	by	Smith	et	al.	(ref)	was	used	as	the	basis	for	the	power	calculation	due	to	a	lack	
of	any	clinical	data.	The	study	showed	a	reduction	in	time	of	35%	across	all	tasks	by	expert	surgeons,	
therefore,	a	reduction	of	25%	was	chosen	as	an	acceptable	end	point	that	we	would	hope	to	see	in	
clinical	practice	if	we	consider	the	benefits	transferable.	A	pilot	study	could	have	been	performed	in	
our	surgeon	population	–	especially	when	considering	their	expertise	–	to	have	provided	a	more	
reliable	power	calculation,	however,	time	constraints	led	to	the	use	of	published	clinical	time	data.	
	
A	meta-analysis	of	four-port	‘standard’	versus	single	port	laparoscopic	cholecystectomies	(83)	
provided	published	operation	times,	mean	+/-SD,	of	time	taken	to	perform	2D	laparoscopic	
cholecystectomies,	table	3.	
	
Table	3	 The	published	data	of	times	of	laparoscopic	cholecystectomy	used	for	power	
calculation	for	sample	size	
Study	 Operative	time,	mins	
(Inc.	STD)	
No.	of	cases	
Sinan	et	al	(2012)	 64.1	+/-	26.1	 17	
Zheng	et	al	(2012)	 42.7	+/-	18.6	 30	
Cao	et	al	(2011)	 46.3	+/-	10.8	 51	
Lai	et	al	(2011)	 46.5	+/-	20.1	 27	
Aprea	et	al	(2011)	 35.6	+/-	5.6	 25	
Tsimoyiannis	et	al	(2010)	 37.3	+/-	9.2	 20	
	
An	overview	of	these	published	times	suggests	an	average	time	of	48	minutes.	On	this	basis,	
any	technique	delivering	a	reduction	of	12	minutes,	i.e.	25%,	would	be	deemed	to	be	of	
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importance.	In	order	to	detect	a	difference	of	12	minutes	in	operative	time	between	any	
two	techniques	using	a	two-sided	test	with	size=5%	and	power=80%,	on	the	basis	of	their	
underlying	standard	deviation	(SD)	for	operative	time,	it	would	require	at	least	‘N’	subjects	
in	each	treatment	group,	based	on	these	published	times,	table	4.	
	
Table	4	 Sample	size	calculations	based	on	published	data	sets	
Study	 SD	 N	
Sinan	et	al	(2012)	 26.1	 76	
Lai	et	al	(2011)	 20.1	 46	
Zheng	et	al	(2012)	 18.6	 39	
Cao	et	al	(2011)	 10.8	 14	
Tsimoyiannis	et	al	(2010)	 9.16	 11	
Aprea	et	al	(2011)	 5.8	 5	
	
Using	the	above	calculated	sample	sizes,	we	selected	a	rounded	figure	close	to	the	top	two	
figures	to	err	on	the	side	of	caution	and	allow	for	powering.		Therefore,	an	N=50	per	subject	
group	was	selected	and	enrolment	of	120	patients	allowed	for	the	contingency	of	losses	
during	the	trial.	
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5.11	 Statistical	Analysis	
Statistical	analysis	was	performed	with	SPSS®	version	22	(IBM,	Armonk,	New	York,	USA).	
Normality	tests	were	performed	using	Shapiro-Wilks,	and	non-parametric	testing	with	Chi2	
tests	for	categorical	data	and	Mann-Whitney	U	tests	for	continuous	data	where	applicable.	
Regression	analysis	with	covariant	analysis	was	performed	with	ANCOVA	and	data	
transformed	using	natural	log.	Normalised	continuous	data	was	then	analysed	with	student	
t-test	where	applicable.	
	
To	assess	the	agreement	between	the	two	observers,	and	therefore	reflect	the	degree	of	
confidence	with	error	recognition	and	training	in	HRA	of	the	observers,	as	well	as	the	
accuracy	in	the	research	to	reflect	potential	of	error	change	with	2D	vs	3D,	Cohen’s	Kappa	
was	used.	
	
Cohen’s	Kappa	is	a	statistical	tool	to	assess	the	extent	of	agreement	amongst	our	observers	
and	allows	for	control	of	the	possibility	of	random	agreement.	This	is	more	robust	than	
mere	“percentage	agreement”	between	observers.		
The	K	value	can	be	interpreted	as	follows	(84):	
Value	of	K	 Strength	of	agreement		
<	0.20	 Poor	
0.21	-	0.40	 Fair	
0.41	-	0.60	 Moderate	
0.61	-	0.80	 Good	
0.81	-	1.00	 Very	good	
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Cohen’s	Kappa	is	calculated	using	the	following	equation:	
	
Pr(a)	=	percentage	of	agreement	between	raters	
Pr(e)	=	percentage	of	agreement	by	chance	
To	be	able	to	comment	on	the	certainty	of	this	estimate	of	reliability,	we	need	to	know	
confidence	intervals	for	this	Coefficient.	To	calculate	95%	confidence	intervals,	the	formula	
uses	1.96	as	the	constant	by	which	the	standard	error	of	Kappa	(SEk)	is	multiplied	(85)	:	
	 	 k	-(1.96xSEk)	to	k	+	(1.96xSEk)		
Where:	
SEk	=	Ö	Pa(1-Pa)/n(1-Pe)2	
	
5.12	 Health	Research	Authority	(HRA)	regulations	and	approvals	
	
Following	the	guidelines	of	the	HRA	and	CONSORT	(Consolidated	Standards	of	Reporting	
Trials)	for	Clinical	Trials,	the	trial	proposal	was	submitted	via	IRAS,	Integrated	Research	
Application	System,	(IRAS	Project	No.	117670)	for	National	Ethical	approval	as	a	“Basic	
science	study	involving	procedures	with	human	participants”.	This	is	because	the	
laparoscopic	systems	used	were	already	available	in	the	“market	place”	for	surgical	use	and	
no	change	in	intervention/operating	was	administered	to	the	patient.	
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5.12(a)		Ethics	Approval	
	
National	Ethical	Approval	was	awarded	by	Nottingham	1	NRES	Committee	East	Midlands	in	
February	2013	(Appendix	7),	reference	13/EM/0092.	
	
5.12(b)	Research	and	Development	(R&D)	Sponsorship	
	
Local	approval	and	sponsorship	from	the	Royal	Surrey	County	Hospital	NHS	Foundation	
Trust	department	of	Research	and	Development	was	then	awarded	in	April	2013,	R&D	
Reference	13SURN0004,	for	Single	Site	Clinical	Trial	(Appendix	8).	
	
5.13	 Randomised	Clinical	Trail	(RCT)	Registration	
	
The	trial	was	registered	at	ClinicalTrials.gov	(NCT01930344).	
		
5.14		 Amendments	to	Ethics	and	R&D	
	
The	Trial	commenced	recruitment	in	May	2013.		
	
After	the	first	30	patients	through	the	trial,	the	researcher	noted	several	who	had	significant	
scarring	and	adhesions	to	their	gallbladder,	which	would	have	occurred	from	previous	
cholecystitis,	in	patients	with	no	known	previous	diagnosis	or	active	management	of	
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cholecystitis.	Consequently,	I	felt	a	history	of	previous	cholecystitis	was	an	unnecessary	
exclusion	criteria,	so	removed.		
	
The	following	inclusion/exclusion	criteria	were	also	changed	–		
• Patients	with	abnormal	LFTs	no	longer	excluded	-	some	surgeons	were	noted	to	
perform	an	on-table	cholangiogram	as	standard,	which	negates	the	need	to	exclude	
patients	with	abnormal	blood	tests	who	require	cholangiograms,	as	they	were	all	
‘edited	out’	of	the	final	videos.		
• Age	range	18-65	years	–	increased	to	18-80	years	as	there	were	a	large	volume	of	fit	
older	patients	undergoing	day	case	laparoscopic	cholecystectomy	with	no	feasible	
reason	not	to	be	included	in	the	trial.		
	
Recruitment	was	halted	while	these	amendments	were	made	to	the	inclusion/exclusion	
criteria	for	the	study,	and	represented	to	the	NRES	Committee	for	approval.	This	was	
granted	in	September	2013	and	the	trial	recommenced.	
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Figure	11	
Consort	Flow	Diagram	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Elective	Lap	chole 
(n=120) 
Excluded	(n=8) Not	meeting	inclusion	criteria	(n=7)	Declined	participation	(n=1)	Allocation 
Randomised	
(n=112)	 
2D	n=56 3D	n=56 
Discontinued:	
Conversion	n=1	
Subtotal	n=1	
Consultant	left	n=1 
Discontinued:	
Conversion	n=1 
Patient	left	n=1 
Consultant	left	n=1 
Excluded: 
Corrupt	video	
(n=4) 
Analysed	(n=49) Analysed	(n=50) 
Excluded: 
Corrupt	video	
(n=3) 
Enrolment 
Intervention	 
Analysis	 
Potential	Lap	Choles	
not	approached		
N=16	 
Total	eligible	
patients	
n=136 
	 60	
Chapter	6:		 Results	
	
6.1		 Participant	Flow	
	
As	can	be	seen	by	the	Consort	diagram,	figure	11,	136	patients	underwent	day	case	elective	
laparoscopic	cholecystectomy	during	the	trial,	however	due	to	researcher	availability,	not	all	
were	approached.	120	patients	were	approached	and	112	enrolled	as	seven	didn’t	meet	the	
inclusion	criteria	(until	the	trial	was	stopped	and	protocol	altered	to	prevent	unnecessary	
exclusion),	and	one	patient	declined	participation.		
	
Randomisation	placed	56	in	each	group	pre-operation	(either	2D	laparoscopy	or	3D	
laparoscopy).	During	the	operation	itself,	there	were	several	losses	due	to	changes	in	the	
operating	environment	which	excluded	the	patient	from	continuing	in	the	trial,	as	shown	on	
the	Consort	Diagram.	
	
After	surgery,	during	video	editing,	there	were	seven	losses	due	to	video	corruption.	This	
left	49	videos	for	analysis	in	the	3D	group	and	50	videos	for	analysis	in	the	2D	group.	
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6.2		 Baseline	Time	Data	
	
	
Figure	12	 Distribution	of	Gallbladder	Grade	by	2D/3D	view	in	the	trial	population	
	
Using	Pearson	Chi-Square	test	to	assess	the	distribution	of	view	by	gallbladder	grade,	P<0.05		
showing	they	are	significantly	different	in	their	spread.	It	was	purely	chance	to	achieve	this,	
as	they	were	blindly	randomised	to	the	view	groups,	with	no	predictors	on	internal	grade	of	
gallbladder.	If	numbers	were	greatly	increased,	I	would	expect	a	more	even	distribution	
across	the	general	population,	especially	for	Grades	2	&	3.	
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6.3		 Distribution	of	time	data	
	
	
	
	
Figure	13		 Histogram	to	show	distribution	of	total	time	in	seconds		
	
The	data	appears	to	have	a	bi-peaked	spread	and	a	skew.	Using	Shapiro-Wilk	normality	
testing,	the	P-value	is	<0.05,	which	means	the	null	hypothesis,	that	this	data	is	from	a	
normally	distributed	population,	is	rejected.	The	time	data	is	non-parametric	data,	and	
appropriate	tests	therefore	applied.		
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6.4	 Total	Time	of	Surgery	
	
	
	
Figure	14	 Box	plot	and	whiskers	to	show	the	median,	IQR	and	Total	Time	of	Surgery,	in		
seconds,	in	2D	and	3D	views,	P=0.195		
	
Median	time	for	completing	laparoscopic	cholecystectomy	in	2D	view	was	1287	seconds	
(IQR	317-2257	seconds),	while	in	3D	view	it	was	1070	seconds	(IQR	209-1931).	Although	this	
shows	a	reduction	in	median	operating	time	of	17%,	it	was	non-significant,	P=0.195	with	
Mann-Whitney	U	testing.	
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6.5	 Effect	of	grade	of	gallbladder	difficulty	on	total	time	of	surgery	
	
To	correctly	assess	the	data,	the	effect	of	the	grade	of	difficulty	of	gallbladder	needs	to	be	
controlled	as	it	was	not	evenly	distributed	through	the	data	population,	as	shown	in	Figure	
15.		Kruskal	Wallis	one-way	analysis	of	variance	was	used	to	compare	the	effect	of	the	grade	
of	gallbladder	on	the	difference	in	total	time	of	surgery.	P<0.001	showing	that	the	
gallbladder	grade	has	a	significant	effect	on	the	total	time	of	surgery.	
	
	
Figure	15	 Box	plot	to	show	total	time	of	surgery	in	seconds	by	gallbladder	grade.		The		
higher	the	grade	of	gallbladder,	the	greater	the	total	time	of	surgery	
	
It	is	therefore	important	to	account	the	effect	of	the	gallbladder	grade	on	total	time	of	
surgery	for	operating	in	2D	versus	3D.	
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Figure	16	 Box	plot	with	whiskers	showing	the	median	and	range	of	total	time	of	surgery	
in	2D	versus	3D	laparoscopy,	distributed	by	gallbladder	grade.	
	
To	assess	for	significance	of	effect	of	view	on	total	time	of	surgery	while	accounting	for	
gallbladder	grade,	the	one-way	ANCOVA	(analysis	of	covariance)	allows	for	statistical	control	
of	the	grade,	as	a	covariant.	To	comply	with	the	assumptions	of	ANCOVA,	that	the	data	is	
from	a	normal	population,	natural	log	of	total	time	in	seconds	transforms	the	data	to	
normal	distribution	and	is	used	as	the	dependent	variable.	Repeat	Shaprio-Wilk	normality	
testing	with	the	transformed	time	data	shows	P=0.230,	as	>0.05	it	confirms	the	data	is	now	
normally	distributed,	and	the	curve	on	histogram	concurs.	
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Figure	17	 Histogram	with	normal	curve	to	show	normal	distribution	of	log-transformed	
total	time	of	surgery.	
	
One-way	ANCOVA	was	used	to	test	the	significance	of	the	difference	in	total	time	of	surgery		
when	operating	in	3D	over	2D,	controlling	for	the	effect	of	covariant	‘gallbladder	grade’	and	
using	transformed	by	natural	log	time	in	seconds.	The	ANCOVA	shows	P<0.05	for	effect	of	
view	on	total	time	of	surgery	and	P<0.05	for	effect	of	gall-bladder	grade.	There	was	a	
significant	difference	in	total	time	of	surgery	between	the	2D	and	3D	view	groups	whilst	
adjusting	for	gallbladder	grade.	The	partial	Eta	squared	value	is	small	(0.042),	which	means	
that	only	4%	of	the	variance	in	total	time	of	surgery	is	explained	by	the	difference	in	view,	
while	for	grade	of	gall	bladder	the	partial	eta-squared	showed	a	greater	effect	of	0.470.	
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Figure	18	 Linear	graph	to	show	plotted	means	of	transformed	total	time	for	surgery,	
seconds,	from	ANCOVA	analysis.	
	
The	transformed	means	calculated	from	the	ANCOVA	show	a	trend	towards	an	increasing		
effect	of	3D	over	2D	in	reducing	the	total	time	of	surgery	with	increasing	grade	of		
gallbladder.		
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6.6	 Effect	of	2D/3D	view	on	time	of	each	section	of	the	operation	
	
Table	5	 Descriptive	statistics	of	time	of	surgery	in	seconds,	by	section	of	operation	
and	displayed	by	view	
	 	
View	
	
Median	Time,	seconds	
(IQR,	seconds)	
	
P	
Section	1	
Dissection	of	
Calot’s	
Triangle	
2D	 724.00	
(380-1068)	
	
	
0.061	3D	 540.00	
(288-792)	
Section2	
Clipping	&	
cutting	cystic	
duct	&	artery	
2D	 140.50	
(44-237)	
	
	
0.230	3D	 182.00	
(76-288)	
Section	3	
Detachment	
of	gallbladder	
from	liver	bed	
2D	 324.50	
(203.5-445.5)	
	
	
0.894	3D	 281.00	
(196-366)	
	
	
Mann-Whitney	U	test	was	used	to	compare	times	by	section	and	showed	no	significant		
differences	between	the	views,	as	can	be	seen	by	P-values	in	Table	5.		
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Table	6	 Univariate	analysis	results	of	assessing	for	differences	in	time	of	sections	1-3	
by	2D	or	3D	view,	with	grade	of	gallbladder	as	covariant.	
	
Dependent	Variable	of	
natural	log	of	Time,	
seconds	
Partial	Eta	Squared	of	view	 P	Value	
Section	1	 0.063	 0.013	
Section	2	 0.007	 0.414	
Section	3	 0.000	 0.941	
	
For	section	1,	the	reduction	in	time	afforded	by	the	3D	view	was	statistically	significant,	
P<0.05.,	but	not	for	sections	2	and	3.	
	
6.7	 Effect	of	other	variables	on	Total	Times	of	Surgery		
	
Other	variables	considered	for	analysis	included	whether	a	cholangiogram	was	performed	in	
the	case	(and	excluded	from	the	edited	video),	and	whether	the	individual	consultant	
surgeon	performing	the	operation	influenced	duration	of	surgery.	
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Table	7	 ANOVA	performed	to	look	at	effect	of	other	variables	on	total	time	of	
surgery,	with	transformed	log	of	total	time	in	seconds	
Variable	 Partial	Eta	Squared	 P	Value	
Cholangiogram	 0.011	 0.303	
Surgeon	 0.214	 <0.001	
Grade	of	gallbladder	 0.507	 <0.001	
View	 0.039	 0.056	
	
	
Whether	a	cholangiogram	was	edited	out	or	had	not	been	performed	in	the	first	place,	did	
not	affect	the	total	time	of	surgery	(even	when	the	grade	of	gallbladder	was	included	in	the	
statistical	model),	showing	the	edit	had	successfully	kept	only	the	matching	elements.	In	this	
model,	the	effect	of	laparoscopic	view	on	total	time	was	P=0.056,	with	an	effect	size	of	
0.039.	The	individual	surgeon	has	a	significant	effect	on	total	time	of	surgery,	P<0.001	
partial	Eta2		=	0.214,	a	variable	that,	at	study	conception,	had	been	assumed	to	be	controlled	
by	‘equal	competence	of	performer’	as	all	consultant	surgeons.	
	
To	explore	this	variable	a	little	further,	the	difference	in	individual	surgeons	operating	times	
irrespective	of	view	is	plotted.	
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Figure	19	 Spread	of	total	time	of	surgery,	seconds,	by	individual	surgeon	
	
	
Figure	19	shows	a	difference	between	distributions	of	total	time	of	surgery	by	individual	
surgeon.	Visually	there	is	a	divide	in	the	surgeon	group	with	four	of	the	11	surgeons		
showing	a	trend	for	greater	median	and	range	of	total	operating	time.		
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6.8	 Inter-rater	Reliability	of	error	analysis	using	OCHRA	
	
Table	8		 Cohen	Kappa	calculation	table	to	compare	agreement	and	non-agreement	
between	the	two	observers	
	 Observer	1	
	
Error	
	
	
No	Error	
Row	Marginals	
	
Observer	
2	
	
Error	
	
84	
																				
	
4	
																				
	
88	
	
No	Error	
	
7	
	
	
35	
	
42	
Row	Marginals	 91	 39	 130	
	
	
Pr(a)	=	84+35/130	=	0.92	
Pr(e)	=	(88/130	x	91/130)	+	(42/130	x	39/130)	=	0.58	
k	=	(0.92	–	0.58)	/	(1-0.58)	=	0.81	
So,	interrater	variability	is	“Very	Good”	as	judged	by	Cohens	Kappa	(83).	
Pa	=	0.92,	Pe	=	0.58,	N	=	130	
	 	 SEk	=	Ö	(0.0736/22.932)	=	Ö	0.0032	=	0.057	
Kappa,	k,	=	0.81,	with	SEk	=	0.057,	95%	Confidence	Interval	=	0.70-0.92	
This	Kappa	reflects	a	very	good	and	acceptable	level	of	interrater	reliability.	The	implication	
is	the	errors	the	observers	were	noting	as	being	present	(or	not)	can	be	assessed	further	
and	that	the	HRA	training	the	observers	undertook	has	educated	them	well	for	the	use	of	
this	errors	assessment	tool.	
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6.9	 Overall	error	data	
	
To	allow	for	discussion	of	error	production	rates,	the	data	from	the	two	observers	was	
combined.	On	occasion,	error	data	for	a	single	operation	differed	between	observers.	In	
these	cases,	a	mean	was	taken	between	the	two	and	rounded	up,	and	this	result	used.	
	
A	total	of	92	separate	consequential	errors	were	identified	during	the	analysis	of	112	
laparoscopic	cholecystectomies:	
47	errors	in	(N=50)	2D	laparoscopic	cases	(no	consequential	errors=17)	
45	errors	in	(N=49)	3D	laparoscopic	cases.	(no	consequential	errors,	n=19)	
No	difference	was	found	in	the	number	of	consequential	errors	between	2D-view	and	3D-
view,	P=0.62	(Chi2	Test).	
	
Table	9	 Median	and	range	of	consequential	error	production	per	case,	by	view	
View	 N	
(Total	
videos)	
Number	
without	
errors	
Number	
with	errors	
Total	
number	of	
errors	
Median,	
per	case	
Range	
2D	 50	 17	 33	 47	 1	 0-4	
3D	 49	 19	 30	 45	 1	 0-3	
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6.10	 Error	production	by	section	of	operation	
	
As	demonstrated	by	the	time	data,	the	different	sections	of	the	operation	have	different	
complexity	of	the	tasks	performed.	The	error	production	is	separated	to	show	variance	in	
production	in	each	section,	by	view.	
	
	
	
	
	
Figure	20	 Graphical	display	of	errors	produced	in	each	section	of	the	operation,	
clustered	by	view	
	
	
Section of operation, displayed 
chronologically, and bars clustered by view 
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6.11	 Error	production	by	grade	of	gallbladder	
	
The	grading	of	the	gallbladders	allows	a	discernment	of	the	difficulty	of	the	operation.	
Separating	the	total	number	of	videos	analysed,	N,	by	the	grade	of	gallbladder,	allows	a	
review	of	the	error	production	by	the	increasing	difficulty	of	the	operation.	
	
Table	10	 Error	production	by	grade	of	gallbladder	and	view,	with	error	rate	per	
operation	calculated	to	weight	for	numbers	of	operations	involved	
	
	 	 2D	View	 3D	View	
	
Grade	1	
Number	of	videos,	N	 17	 23	
Total	errors	 14	 16	
Error	rate	 0.82	 0.70	
	
Grade	2	
Number	of	videos,	N	 22	 7	
Total	errors	 18	 10	
Error	rate	 0.81	 1.4	
	
Grade	3	
Number	of	videos,	N	 7	 14	
Total	errors	 5	 13	
Error	rate	 0.71	 0.92	
	
Grade	4	
Number	of	videos,	N	 4	 5	
Total	errors	 10	 6	
Error	rate	 2.5	 1.2	
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Figure	21	 Box	plot	to	show	spread	of	error	production	by	grade	and	view	
	
	
6.12	 Error	descriptions	and	EEM	
	
The	independent	observers	not	only	decided	whether	a	consequential	error	had	occurred	
but	also	provided	a	description	of	the	error.	These	error	descriptions	are	summarised	by	
encompassing	headings	to	match	them	in	collective	groups,	figure	22.	The	error	mode	was	
also	recorded,	to	describe	the	mechanism	of	the	error.	
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Figure	22		 Number	of	errors	enacted	in	the	5	major	description	headings,	by	view	
Table	11	 External	error	modes	attributed	to	errors	enacted	in	2D	and	3D	
External	Error	Mode,	EEM	
2D	Error	Count	
(%	2D	errors)	
3D	Error	Count	
(%	3D	errors)	
1	 1	(2)	 1	(2)	
2	 5	(11)	 7	(16)	
3	 2	(4)	 4	(9)	
4	 1	(2)	 2	(4)	
5	 0	 0	
6	 0	 0	
7	 20	(43)	 17	(38)	
8	 3	(7)	 3	(7)	
9	 15	(32)	 11	(24)	
10	 0	 0	
0
2
4
6
8
10
12
14
16
Bleeding	from	
Calots	triangle
Bleeding	from	
gallbladder
Injury	to	liver Error	with	clip	
application
Perforation	of	
gallbladder
Er
ro
r	C
ou
nt
Consequential Error Description
2D	View 3D	View
	 78	
	 	
The	external	error	modes	are	considered	as	either	Inter-step	(procedural)	or	Intra-step	
(executional).	Attributing	an	EEM	to	the	consequential	error	description	allows	discernment	
on	the	type	of	error	that	was	enacted,	the	mechanism	behind	its	occurrence	and	whether	
any	difference	was	noted	between	the	two	view	groups.	
	
Table	12	 Error	description	versus	error	type,	displayed	by	view	
	
	 Inter-step	Errors	
(EEMs	1-6)	
Intra-step	Errors	
(EEMs	7-10)	
2D	View	 3D	View	 2D	View	 3D	View	
Bleeding	from	Calot’s	triangle	 1	 1	 8	 6	
Bleeding	from	gallbladder	 0	 0	 8	 12	
Injury	to	liver	 0	 0	 5	 5	
Error	with	clip	application	 8	 13	 2	 2	
Perforation	of	gallbladder	 0	 0	 15	 6	
Total	 9	 14	 38	 31	
	
	
25%	of	all	errors	were	procedural	errors,	75%	executional.	Of	the	execution	errors,	45%	
were	made	with	2D	laparoscopic	view	and	33%	with	3D	view.	Of	the	consequential	errors	
enacted	in	either	2D	or	3D,	perforation	of	the	gallbladder,	considered	a	serious	technical	
error	of	laparoscopic	cholecystectomy,	was	less	frequent	in	3D	than	2D	laparoscopic	view,	
P=0.034	(Chi2	test).	
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Chapter	7	 	 Discussions	and	conclusions	
	
7.1	 Effect	of	3D	Laparoscopic	view	in	time	of	operating	
	
The	primary	end	point	of	the	trial	was	to	determine	the	difference	in	the	total	time	of	
surgery	of	the	three	main	components	of	technical	operating	of	a	laparoscopic	
cholecystectomy	between	2D	and	3D.	The	trial	was	powered,	based	on	published	operating	
time	data	(83),	to	show	a	reduction	in	total	operating	time	of	25%	when	using	3D	passive	
polarising	visual	systems,	with	80%	power.	Total	operating	time	in	my	results	was	reduced	
by	17%	using	3D	compared	to	2D	overall	across	the	trial	population,	although	did	not	
achieve	statistical	significance.		
	
Assessing	the	grade	of	the	gallbladder	was	a	valuable	tool	to	distinguish	between	the	
difficulty	of	the	gallbladders	and	my	data	showed	that	this	was	a	major	confounding	
variable.	When	accounting	for	the	grade	of	gallbladder	(as	a	secondary	analysis),	there	was	
a	significant	difference	in	the	total	time	of	surgery	when	performed	using	3D	laparoscopy.	
	
The	benefits	of	surgical	efficiency	with	3D	visual	systems	for	laparoscopy	have	been	shown	
here	to	translate	to	true	clinical	surgery	with	validity.	The	trial	has	shown	a	reduction	in	
time,	and	although	not	significant	in	the	primary	end	point,	sub	group	analysis	has	
demonstrated	significance	and	a	trend	towards	increased	benefit	with	more	complex	
operations.	Similar	outcomes	have	been	shown	in	laboratory-based	studies	using	matching	
3D	visual	systems	(34-36,	39-41),	yet	the	evidence	has	never	been	translated	before	to	an	
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acceptable	clinical	trial.	Previous	clinical	based	studies	described	similar	results	but	with	
smaller	underpowered	studies	or	case	series	(37,	38).	
	
Figures	16	and	18	show	the	trend	for	the	increasing	beneficial	effect	of	the	3D	view	over	the	
2D	view	on	total	time	of	surgery,	with	increasing	grade	of	gallbladder.	This	infers	that	the	
more	difficult	the	operation,	the	greater	the	benefit	of	the	3D	laparoscopy	on	surgical	
efficiency	and	progress	of	the	operating.	This	is	mirrored	in	the	analysis	of	the	time	of	
surgery	by	individual	section,	as	the	most	complex	section	of	the	operation	is	Section	1.	
Section	1	involves	the	careful	dissection	of	Calot’s	Triangle,	the	main	pipework	of	the	
gallbladder	and	its	connections	to	the	major	vessels	and	ducts	of	the	liver.	It	is	here	that	the	
most	serious	and	significant	errors	of	surgery	can	occur	with	dissection	of	the	wrong	
structures	and	misinterpretation	of	‘visual	cues’	which	can	lead	to	the	ligation	and	excising	
of	the	common	bile	duct	or	hepatic	vessels	(86).	I	identified	a	significant	difference	in	time	for	
the	completion	of	section	1	in	3D	view	over	2D	view,	showing	that	there	is	a	substantial	
benefit	of	3D	laparoscopy	in	complex	task	zones	of	operations	for	surgical	efficacy.	
	
Other	studies	have	demonstrated	heightened	effects	of	3D	laparoscopy	over	2D	in	more	
complex	skills	(37-39,	44),	with	expert	laparoscopic	surgeons.		In	laboratory	based	studies,	
complex	tasks	like	knot	tying	and	needle	capping	were	significantly	faster	in	3D	over	2D	(41).	
My	study	is	the	first	to	correlate	this	clinically	with	true	surgery	in	the	realms	of	a	
randomised	clinical	trial	and	confirm	reproducibility	in	multiple	different	operations	of	
varying	complexity.		
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A	novel	finding	from	the	linear	regression	models	was	that	the	individual	consultant	surgeon	
had	an	effect	on	the	total	time	of	surgery.	In	an	attempt	to	control	for	the	effect	of	different	
operating	surgeons,	trainees	were	excluded	from	the	trial	and	only	consultant	surgeons	
used.	Each	surgeon	was	considered	equally	competent	as	a	consultant,	having	been	
awarded	a	recognition	by	the	awarding	bodies	of	the	General	Medical	Council	and	Royal	
Colleges	of	Surgeons.	Interestingly,	the	four	surgeons	(figure	19),	with	greater	operating	
times	were	‘junior’	consultants	(less	than	five	years	post	qualification).	When	questioned	as	
to	total	log-book	numbers	of	laparoscopic	cholecystectomies	at	the	time	of	enrolment	into	
the	trial,	the	four	junior	consultants	had	performed	<	500	laparoscopic	cholecystectomies	
each,	while	the	other	seven	surgeons,	with	more	seniority,	have	close	to	or	over	1000.		It	is	
felt	that	most	significant	errors	of	laparoscopic	cholecystectomy	occur	within	the	first	30	
cases	of	the	learning	curve	(58),	competency	for	award	of	CCT	(Certificate	of	Completion	of	
Training	–	allowing	application	for	Consultancy)	is	considered	50	cases	for	a	General	surgeon	
and	110	for	a	specialist	in	upper	gastrointestinal	surgery	(88),	and	yet	experienced	surgeons	
report	that	the	‘plateau’	in	competency	for	laparoscopic	cholecystectomy	is	not	achieved	
until	several	hundred	procedures	have	been	performed	(56).	Future	trials	of	a	similar	design	
will	need	to	control	for	the	numbers	of	(historical)	procedures	performed	by	surgeons	
involved	in	the	trial.	
	
7.2	 Effect	of	3D	Laparoscopic	view	on	consequential	error	production		
	
The	Cohen	Kappa	of	0.81	(CI	0.70-0.92)	shows	that	interrater	reliability	was	‘very	good’	and	
confirms	the	validity	of	the	OCHRA	for	use	with	expert	surgeons	and	surgical	error	analysis,	
as	shown	in	previously	(77,70).	Previous	studies	which	had	assessed	validity	of	OCHRA	with	
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laparoscopic	cholecystectomy	had	shown	construct	validity	identifying	between	
experienced	and	non-experienced	operators;	this	trial	also	demonstrates	the	benefit	of	this	
observational	tool	for	assessing	human	error	in	laparoscopic	surgery.	
	
The	highest	proportion	of	errors	were	enacted	during	section	1,	which	as	discussed	earlier,	
correlates	with	the	most	complex	task	zone	of	the	operation,	figure	20.	The	surgeons	were	
able	to	complete	section	1	with	a	significant	reduction	in	time	and	no	increase	in	error	
production	when	using	3D	visual	systems.	Other	studies	looking	at	error	production	in	
laparoscopic	cholecystectomy	concur	that	the	dissection	of	Calot’s	triangle	is	the	task	zone	
with	the	most	enacted	errors	of	the	operation	(73,74).	Joice	et	al	(1998)	identified	51	
executional	errors	produced	during	this	task	zone	in	20	laparoscopic	cholecystectomies	(15	
being	consequential),	compared	to	17	in	their	equivalent	of	section	2	(7	consequential)	and	
36	(9	consequential)	in	section	3	(73).	It	is	during	this	section	of	the	operation	that	the	risk	of	
injury	to	either	a	hepatic	artery	or	the	main	bile	duct	can	occur.	The	risk	quoted	for	such	
injury	is	normally	placed	at	1/1000	(86,	88)	and	on	analysis	of	the	causes	of	bile	duct	injuries,	
up	to	97%	are	due	to	‘visual	perceptual	illusion’	(86).		The	consequence	of	a	bile	duct	injury	is	
significant	to	the	patient	with	regards	their	future	health	and	well-being.	There	is	a	major	
risk	of	morbidity	and	mortality	associated	with	such	an	injury,	and	financially	-	to	the	health	
system	and	the	patient	-	this	iatrogenic	complication	causes	substantial	long-term	burden	
(88).		
	
The	effect	of	gallbladder	grade	on	error	production	parallels	the	influence	of	grade	on	‘total	
time	of	surgery’.		A	grade	1	gallbladder	carried	an	error	rate	of	0.82	in	2D	vs	an	error	rate	of	
0.70	in	3D	whilst	a	grade	4	gallbladder	had	an	error	rate	in	2D	of	2.5	vs	1.2	in	3D,	more	than	
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50%	less,	table	10.	This	further	substantiates	the	trend	that	the	more	complex	the	
operation,	the	less	time	is	taken	and	fewer	errors	produced	when	the	surgery	is	performed	
using	the	3D	visual	systems.	With	regard	to	the	error	rate	found	in	my	study,	Tang	et	al	
(2004)	found	3.42	consequential	errors	per	operation	while	Joice	et	al	(1998)	found	3.5	
consequential	errors	per	operation	(73,	74).	However,	both	these	studies	looked	at	surgeons	
with	a	minimum	of	20	previous	laparoscopic	cholecystectomies	before	assessment.	It	is	not	
surprising	that	my	study	has	shown	an	overall	consequential	error	rate	of	0.87	for	my	
surgeon	cohort	when	they	have	a	minimum	of	200	laparoscopic	cholecystectomies	prior	to	
assessment.	The	data	for	error	production	by	grade	shows	clearly	the	benefit	of	the	3D	view	
in	the	more	difficult	grade	of	gallbladder	by	the	reduction	in	error	rate.	
	
Of	these	executional	errors,	EEMs	7-10,	less	were	performed	when	using	3D	(33%	of	all	
errors	in	3D	were	executional,	while	45%	of	all	errors	in	2D	were	executional).	These	modes	
account	for	most	of	the	actions	which	led	to	bleeding	that	needed	to	be	treated,	injury	to	
the	liver	and	perforation	of	the	gallbladder.	On	an	individual	EEM	basis,	as	can	be	seen	in	
table	11,	the	substantial	reduction	in	executional	errors	in	3D	compared	to	2D	relates	
greatly	to	the	reduction	in	EEM	7	and	9	occurring,	Step	7=	‘Step	is	done	with	too	much	force,	
speed,	depth,	distance,	time	or	rotation’,	Step	9=	‘Step	is	done	in	wrong	orientation,	
direction	or	point	in	space’.	The	suggests	that	the	3D	view,	providing	the	surgeon	with	an	
improved	spatial	awareness	and	visual	disparity	of	the	operative	field,	reduces	these	modes	
or	error	production.	
	
There	was	no	significant	difference	in	the	production	of	inter-step	or	procedural	errors,	
EEMs	1-6,	between	either	view.	The	procedural	errors	occurred	significantly	in	section	2,	
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irrespective	of	view,	and	were	related	to	errors	with	clip	application.	Most	commonly	this	
we	recorded	as	EEM	Step	2	‘Step	is	partially	completed’.	This	related	to	the	application	of	
two	proximal	and	one	distal	clip	on	both	the	cystic	artery	and	the	cystic	duct,	and	
transecting	between.	Most	commonly,	on	detailed	error	descriptions	from	the	two	
observers,	this	related	to	incorrect	number	or	position	of	the	clips,	which	occasionally	then	
added	EEM	Step	3	‘Step	is	repeated’.		It	is	unsurprising	that	the	errors	associated	with	
section	2	are	inter-step	errors	as	they	are	related	to	the	sub-tasks	of	a	section	which	are	
very	structured	in	the	HTA	(figure	9).	Joice	et	al	(1998)	also	found	the	majority	of	inter-step	
errors	occurred	with	relation	to	the	ligation	of	the	duct	and	artery	(73).	Improving	the	view	of	
the	operation	will	not	banish	the	occurrence	of	these	innate	errors	of	the	procedure.	Only	
experience,	confidence	and	adherence	to	the	steps	of	a	procedure	will	reduce	their	
occurrence.	This	result	concurs	with	the	comments	made	by	Sarker	et	al	(2005)	that	
laparoscopic	surgery	may	have	a	consistent	background	technical	error	rate	(57).	
	
The	most	noteworthy	finding	in	the	assessment	of	error	production	in	operations	
performed	in	3D	vs	those	performed	in	2D,	was	the	reduction	in	the	occurrence	of	
perforation	of	the	gallbladder.	Perforating	the	gallbladder,	and	its	consequential	spillage	of	
bile	and	stones,	has	an	associated	morbidity	and	mortality	for	the	patient	which	is	not	
inconsequential	(89).	The	use	of	3D	laparoscopy	dramatically	reduced	this	occurrence.		
Perforating	the	gallbladder	most	commonly	occurred	in	section	3	of	the	operation,	figures	
20	and	22,	and	was	attributed	to	EEMs	7	and	9.	The	detail	in	the	view	afforded	by	the	3D	
visual	systems	may	have	enhanced	the	surgeons’	ability	to	distinguish	the	planes	between	
the	gallbladder	and	the	liver	allowing	a	more	precise	and	safer	dissection	of	the	gallbladder	
off	of	the	liver	bed.	
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7.3	 Limitations	
	
7.3(a)	 Type	1	error	
	
The	study	was	powered	using	published	data	of	total	time	of	laparoscopic	cholecystectomy	
(83).	To	reduce	the	possibility	of	type	1	error	production,	it	may	have	been	more	prudent	to	
assess	the	surgeons	to	be	enrolled	in	the	trial	in	their	normal	clinical	practice,	time	their	
normal	laparoscopic	cholecystectomies	for	a	period	and	use	that	data	as	the	basis	for	the	
power	calculation.	At	the	Royal	Surrey	County	Hospital,	the	surgeons	are	expert	
laparoscopic	surgeons	working	in	a	unit	renowned	for	its	laparoscopic	training	and	
experience	which	may	be	different	to	the	surgeon	population	used	as	the	basis	of	the	power	
calculation	in	the	literature.	
	
7.3(b)	 Type	2	error	
	
The	difference	in	the	pathology	of	the	gallbladders	was	identified	early	as	a	confounding	
variable	in	the	study,	and	a	grading	system	identified	to	account	for	that	(82).	Unfortunately,	
due	to	the	random	nature	of	the	gallbladder	grades	only	discoverable	at	surgery,	the	spread	
of	the	grades	is	not	equal	across	the	views	–	as	can	be	seen	in	figure	12.	I	have	tried	to	
control	for	this	in	my	statistical	models	but	the	effect	is	great.	I	don’t	believe	that	in	true	
surgery,	this	variable	is	truly	controllable	or	predictive	preoperatively.	Accounting	for	it	
intraoperatively	from	a	‘number	to	include	of	each	grade	type’	would	lead	to	significant	
potential	bias	of	inclusion.	
	
	 86	
The	effect	of	individual	surgeons	was	surprising,	a	variable	assumed	controlled	by	the	
seniority	of	all	surgeons	involved.	Time	limitations	of	the	study,	available	operating	lists,	
surgeon	commitment	and	appropriate	patients	meant	the	numbers	per	surgeon	and	per	
view	were	not	controlled,	but	also	not	felt	to	be	needed	to.	With	hindsight,	it	may	have	
been	better	to	assign	ten	operations	per	surgeon,	5	in	each	view	to	have	better	controlled	
their	effect.	
	
7.4	 Further	Work	
	
An	area	worthy	of	further	analysis	is	to	assess	the	sub-group	of	patients	who	had	a	
cholangiogram	performed.	Inserting	and	controlling	a	cholangiogram	catheter	into	the	cystic	
duct	is	a	spatially	and	technically	challenging	task	which	is	likely	to	show	great	benefit	from	
the	use	of	3D	laparoscopy	in	speed	and	reduction	in	error	production.	
	
Repetition	of	this	trial	with	trainees	would	give	a	valuable	insight	into	the	effect	of	3D	on	
the	learning	curve	of	an	operation	and	establish	the	potential	role	of	3D	systems	in	surgical	
training.	Previous	studies	showed	benefit	to	novices	in	acquisition	of	laparoscopic	skills	and	
a	swifter	learning	curve	(36),	the	hypothesis	would	be	that	these	effects	are	transferable	to	
the	operating	theatre	with	greater	effect	than	seen	here	in	this	trial	with	expert	surgeons.	
	
The	3D	visual	systems	should	be	further	assessed	on	more	complex	laparoscopic	
procedures.	Laparoscopic	cholecystectomy	was	used	for	this	trial	as	it	is	the	commonest	
elective	laparoscopic	procedure.	However,	I	have	shown	here	that	the	true	benefits	of	3D	
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laparoscopy,	especially	to	the	expert	surgeon,	lie	in	the	more	complex	operations.	An	
evaluation	of	the	benefit	of	3D	systems	in	laparoscopic	hiatal	hernia	repair,	which	involves	
technical	spatial	operating	through	the	crus	of	the	diaphragm	and	laparoscopic	suturing,	
should	be	undertaken.	A	multi-center	trial	is	in	progress	(including	MATTU	at	RSCH),	
evaluating	similar	outcomes	to	this	trial	related	to	rectal	surgery	and	the	complex	TME	(total	
mesenteric	excision)	operation,	ISRCTN	59485808.	The	future	in	rectal	cancer	surgery	is	to	
improve	the	quality	of	the	resection	for	long	term	cancer	related	outcomes	and	patient	
quality	of	life.	The	results	of	this	trial	will	be	eagerly	awaited.	
	
The	technological	advancements	in	visual	systems	for	laparoscopic	surgery	are	now	evolving	
with	ultra-high	definition	4K	screens	(incorporating	3840	x	2160	pixels)	which	provide	a	
greater	calibration	of	colour	hues	and	enhanced	fine	line	discrimination.	The	potential	
benefits	of	this	heightened	view	in	monoscopic	displays	have	yet	to	be	assessed	in	true	
surgery	and	the	outcomes	of	a	local	trail	comparing	2D-HD	and	4K	systems	to	3D	in	
laboratory	conditions	and	true	surgery	are	anticipated,	as	a	follow	on	to	the	work	I	have	
done	through	the	MATTU.	
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7.5	 Final	Summary	and	Conclusions	
	
Since	the	rapid	evolution	of	laparoscopic	surgery	in	the	1990’s,	technological	pioneers	have	
been	striving	to	improve	the	visual	systems	for	surgeons.	From	eye	pieces	to	‘off	screen’	
projection,	the	limiting	factor	always	recognised	was	the	monoscopic	view	and	loss	of	
stereopsis	to	the	surgeon.	This	has	significant	impact	on	the	learning	curve	and	relates	
directly	to	the	potential	for	serious	errors	and	complications	of	laparoscopic	surgery.	
Previous	3D	capture	and	projection	systems	either	did	not	produce	a	true	stereoptic	view	or	
produced	an	uncomfortable	viewing	environment	for	the	surgeon	making	them	intolerable.	
Since	the	advent	of	passive	polarising	technology,	many	laboratory-based	studies	have	
confirmed	the	new	3D	systems	significantly	reduce	the	time	and	error	production	of	set	
tasks,	in	both	trainee	and	expert	surgeons,	however,	all	have	questioned	whether	this	could	
be	translatable	to	the	operating	theatre.		
	
This	trial	is	the	world’s	first	randomised	controlled	clinical	trial	evaluating	3D	passive	
polarising	systems	in	laparoscopic	cholecystectomies,	in	a	powered	study.	I	have	shown	that	
the	3D	systems	do	indeed	reduce	the	operating	time	and	the	significant	error	production,	
especially	gallbladder	perforation,	in	true	surgery.	Although	the	reduction	in	operative	time	
showed	no	significance	with	the	primary	end	point,	sub	group	analysis	identified	significant	
benefit	in	more	difficult	cases.	It	is	expected	that	the	benefits	to	surgical	efficiency	and	
patient	safety	from	using	3D	visual	systems	is	adaptable	to	all	laparoscopic	surgery,	with	the	
most	heightened	benefits	seen	in	more	complex	procedures.		
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Appendices	
	
Appendix	1	-	Tables	evaluating	previously	published	work	on	2D	vs	3D			
		laparoscopy	
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Table	1	Single	Channelled	Scopes	
	
Author	 Year	 Projection	system	for	3D	 Who	&	What	Assessed	 Objective	outcomes	 Subjective	outcomes	
McDougall7	 1996	
Active	shuttering	
screen	&	glasses	
22	urological	&	gynaecological	surgeons,	non-novice.	
Pig-lab,	laparoscopic	vessel	dissection	and	securing,	
suturing	and	knot	tying.	
Time	for	completion.	
No	significant	difference	found	
3D	not	felt	to	enhance	image	quality	or	enhance	
performance.	
Blurred	vision	&	eye	fatigue	with	3D	
Dion8	 1997	
Active	shuttering	
screen	&	glasses	
Surgeons	and	non-surgeons.	Lab	visual	(n=8)	and	
motor	skills	(n=9)	
Time	and	errors.	
Improvement	in	both	with	3D	 Glasses	bothersome	and	dizziness	reported.	
Chan9	 1997	
Active	shuttering	
screen	&	glasses	
32	surgeons,	11	with	&	21	without	laparoscopic	
experience	
1x	Lab	based	skills	task	
Time	for	completion	in	2D	and	3D	(1	repetition).	
No	significant	difference	
50%	felt	no	improved	performance	although	66%	felt	
depth	perception	improved.	
40%	felt	reduced	image	quality	and	dimmer;	10%		
reported	dizziness	&	eyestrain	
Hanna10	 1998	
Active	shuttering	
screen	&	glasses	(A/S)	
4	surgical	SpRs	performing	60	laparoscopic	
cholecystectomies	
Time	for	completion	and	errors.	
No	significant	difference	
Visual	strain,	headache	and	facial	discomfort	with	3D	
system	
Mueller11	 1999	
Active	shuttering	
screen	&	glasses	
30	subjects	(10	with	&	20	without	laparoscopic	
experience)	
4x	Lab	based	skills	tasks	for	all,	then	experienced	did	
suturing	tasks	
Time	for	attempts,	and	success/failure	of	attempt	
No	significant	difference	
Reported	loss	of	concentration,	headaches	and	
distraction	with	3D	system	
Herron12	 1999	
3D	(Active	shuttering	
screen	&	glasses)	&	3D	
HMD	
50	laparoscopic	novices	
3x	Lab	based	skills	tasks	
Time	to	completion	of	3	skills	tasks	in	each	visual	
system	(2x	repitions)	
No	significant	difference	
Although	48%	preferred	3D	A/S	screen	over	all,	7%	and	
25%	respectively	reported	headaches	with	3D	screen	
and	3D	HMD.	82%	found	HMD	uncomfortable.	
Mueller-Richter13	 2003	
3D	(Active	shuttering	
screen	and	polarising	
glasses)	&	3D	
Autostereoscopic	
screen	
59	laparoscopic	novices	
3x	Lab	based	skills	tasks	
Number	of	completions	in	time	limit	and	subjective	
difficulty	
No	significant	difference	
Flickering	reported	with	both	3D	systems	
	
Bhayani14	 2005	 HMD	
24	surgical	residents,	minimal	laparoscopic	
experience.	1x	lab	based	skills	task	
Time	for	completion	in	2D	and	3D	(1	repetition).	
Significant	reduction	in	time	
	
>50%	preferred	the	3D	system	and	found	task	easier	in	
3D	
No	subjective	assessment	on	physical	symptoms	
Patel15	
	 2007	 HMD	
15	novices	&	2	experts	
5x	lab	based	skills	tasks	
Time	and	accuracy	in	2D	and	3D	(1	repetition)	of	the	
novices	compared	to	the	experts	
Significant	difference	in	both	for	novices	only	in	3D	
N/A	
Bittner16	
	 2008	 HMD	
2	novices,	2	intermediate	&	2	experts	
2x	Lab	based	suturing	tasks	(based	on	handedness,	
visual	system	and	articulating	needleholder)	
Time	and	accuracy	in	2D	and	3D	(multi	repetitions	
with	each	variable)	
No	significant	difference.	
83%	felt	improved	depth	perception.	No	reported	
physical	symptoms	
	
Votanopoulos17	
2008	 HMD	
36	surgical	residents	and	medical	students	(11	with	
&	25	without	laparoscopic	experience)	
6x	Lab	based	skills	tasks	(rpt	3/12	later)	
Time	and	errors	in	2D	&	3D	(1	repetition)	
Significant	improvement	in	time	and	errors	in	novice	
group	only	
N/A	
	
Kong18	
2009	 Passive	polarising	screen	and	glasses	
21	novices	and	6	experienced	surgeons	
2x	lab	based	skills	tasks	
Time	and	errors	in	2D	&	3D	(4	repetitions	of	each	over	
4	days)	
Significant	reduction	in	errors	in	3D	novices,	no	other	
significant	difference	noted	
Dizziness	and	eye	fatigue	in	novice	with	3D	system	
which	improved	with	time	
Mistry19	
	 2013	
Passive	polarising	
screen	and	glasses	
31	medical	students	(novices)	
4x	lab	based	skills	tasks	(MISTELS)	
Task	Performance	in	2D	&	3D	as	per	MISTELS	scoring	
system	
No	significant	difference	
No	detrimental	symptoms	with	3D	
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Table	2	Dual	Channel	Laparoscopes	-	Robotic	Fixed	Screen	
	
	
	
	
	
	
	
	
	
	
	
	
	
Falk20	
	
2001	 Da	Vinci	 15	experienced	laparoscopic	surgeons	
6xlab	based	skills	tasks	(increasing	difficulty)	
Time	and	errors	in	2D	&	3D	&	2DHD	(I	repetition	in	
each	view)	
Significant	differences	in	time	and	errors	in	3D	
Only	33%	felt	3D	better	view	
No	detrimental	symptoms	reported	
Munz21	
	
2004	 Da	Vinci	 11	experienced	laparoscopic	surgeons	
4x	lab	based	skills	tasks	
Errors	and	performance	(ICSAD	assessment	–	time,	no.	
movements	&	distance	moved)	
Significant	difference	in	both	in	3D	
N/A	
	
Moorthy22	
2004	 Da	Vinci	 10	surgeons	of	varying	experience	
Lab	based	suturing	task	
Time	and	distance	travelled	of	instruments	in	2D	&	3D	
Significant	difference	in	both	in	3D	
N/A	
	
Badani23	
2005	 Da	Vinci	 7	surgeons	(3	experienced	with	Da	Vinci,	4	not)	
2x	lab	based	suturing	tasks	
Time	and	errors	
Significant	difference	in	3D	in	all	areas	
N/A	
Blavier	24	 2007	 Da	Vinci	 40	medical	students	
Lab	based	skills	task	
Errors,	performance	&	learning	curve	
Significant	difference	in	3D	
No	detrimental	symptoms	reported	
	
Byrn	25	
2007	 Da	Vinci	 12	surgeons	of	varying	experience	
4x	lab	based	skills	tasks	
Time	and	errors	in	2D	&	3D	
Significant	difference	in	3D	
No	detrimental	symptoms	reported	
Blavier26	
	
2007	 Da	Vinci	 60	medical	students	
4x	Lab	based	skills	task	(increasing	difficulty)	
Specific	performance	metric	score	
Significant	difference	in	3D	in	all	tasks	
No	detrimental	symptoms	reported	
	
Fishman27	
2008	 Da	Vinci	and	prototype	
Ames	stereoscopic	
camera	
12	subjects	of	varying	exposure	to	stereoptic	
systems	
Lab	based	skills	task	using	Da	Vinci	manipulator	
Time	for	completion	while	altering	binocular	disparity	
of	stereoptic	camera	until	0%	(matching	2D	vision)	
Significant	difference	with	3D	from	binocular	disparity	
N/A	
	
Blavier27	
2009	 Da	Vinci	 80	subjects	(60	novice	individuals	and	20	expert	
laparoscopic	surgeons)	
Lab	based	task	
Time	for	task	completion	and	estimation	of	time	in	2D	
OR	3D	not	both	
Significant	difference	in	3D	for	novices,	similar	results	
for	experts	
N/A	
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Table	3	Dual	Channel	Laparoscopes	-	Screen	projection	&	glasses	
Birkett29	
	
1994	 Active	shuttering	
screen	and	Active	
glasses	then	polarised	
glasses	vs	2D	
10	Subjects	?experience	
2x	Lab	based	skills	tasks	
	
	
Time	take	for	repetitive	cycles;	
No	difference	in	simples	task,	reduced	time	in	complex	
task	
N/A	
	
Peitgen30	
1996	 Active	shuttering	
screen	and	glasses	
60	subjects	(20	novices,	20	beginners,	20	advanced	
laparoscopic	surgeons)	
2x	Lab	based	skills	tasks	
Time	and	accuracy	of	tasks	
Both	significantly	improved	in	3D,	independent	of	
experience	
N/A	
Wentink31	
	
2002	 Active	shuttering	
screen	and	polarised	
glasses	vs	TFT	display	
vs	projection	vs	
standard	(2D)	
8	surgeons	with	laparoscopic	experience	
Lab	based	skills	task	
	
Time	for	task	completion,	10	repetitions	but	only	2	
surgeons	per	visual	system	
No	improvement	with	3D	
Felt	image	quality	poorer	with	3D	
Jourdan32	
	
2004	 Active	shuttering	
screen	and	glasses	
8	experienced	laparoscopic	surgeons	
5x	lab	based	skills	tasks	
Time	and	errors,	10	repetitions	each,	in	each	visual	
system	
Significant	improvement	in	both	in	3D	
N/A	
	
Feng33	
2010	 Active	shuttering	
screen	and	polarised	
glasses	(SD	vs	2D	SD	vs	
2D	HD)	
27	subjects	(16	novices,	11	with	varying	laparoscopic	
experience)	
Lab	based	skills	task	
Time	and	economy	of	movement	
Time	significantly	improved	over	both	2D	systems	in	
3D,	economy	of	movement	improved	in	3D	vs	HD,	not	
SD	2D	
Felt	improved	depth	perception	in	3D	
Huber34	
	
2003	 Prototype	passive	
polarising	screen	and	
glasses	
16	Medical	Students	(novices)	
Lab	based	skills	tasks	
Time	and	performance	(ICSAD)	
Improvements	in	3D	significant	over	2D	
N/A	
	
Honeck35	
2012	 Passive	polarising	
screen	and	glassed	
10	novices	&	10	experienced	laparoscopic	surgeons	
5x	Lab	based	skills	tasks	
Time	and	errors	(1x	repetition,	in	only	1	of	the	visual	
systems)	
No	significant	improvement	in	time,	reduction	in	
errors	significant	in	both	groups	in	3D	
No	impairment	felt	in	subjective	feedback	when	using	
the	3D	system	
Smith36	 2012	 Passive	polarising	
screen	and	glassed	
20	novices	
4x	lab	based	skills	tasks	
Time	and	errors	(10	repetitions	of	each	task	in	each	
visual	condition)	
Significant	improvement	in	time	and	errors	in	3D	
N/A	
Bilgen37	 2013	 Passive	polarising	
screen	and	glassed	
3	surgeons	
Clinical	–	11	laparoscopic	cholecystectomies	
performed	in	3D	(compared	to	11	performed	
retrospectively	in	2D)	
Time	
Significant	reduction	in	time	when	performed	in	3D,	
compared	to	case	matched	lap	choles	performed	
previously	in	2D	
N/A	
Sinha38	 2013	 Passive	polarising	
screen	and	glassed	
Retrospective	analysis	of	451	clinical	gynaecological	
surgery	performed	in	3D:	Case	matched	assessment	
of	200	hysterectomies	performed	in	3D	vs	2D	
Time	
Significant	reduction	in	operating	time	and	
morcellation	time	when	performed	in	3D	
N/A	
Cicione39	 2013	 Passive	polarising	
screen	and	glassed	
33	subjects	(10	experts	and	23	novices)	
5x	Lab	based	skills	tasks	(Basic	Laparoscopic	
Urological	Skills)	
Time	and	errors	
Overall,	significant	improvement	in	time	and	errors	
(although	experts	only	improved	time	in	1	task	in	3D)	
Subjective	Questionnaire	–	felt	tasks	were	easier	in	3D	
universally	
Lusch40	 2014	 Passive	polarising	
screen	and	glassed	
24	subjects	(10	medical	students,	7	residents,	7	
expert	surgeons)	
6x	lab	based	skills	tasks	
Time	and	errors	
4/5	skills	tasks	had	significantly	improved	time	and	
errors	when	done	in	3D,	independent	on	experience	
Optical	resolution	and	depth	perception	improved	in	3D	
Smith41	
	
	
2014	 Passive	polarising	
screen	and	glassed	
20	experienced	surgeons	
4x	lab	based	skills	tasks	
Time	and	errors	(10	repetitions	of	each	task	in	each	
visual	condition)	
Significant	improvement	in	time	and	errors	in	3D	
Subjective	assessments	using	NASA	Task	Load	Index	–	
improvements	with	3D	all	sections	
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Van	Bergen42	
	
1998	 2xSingle	channelled	
and	2x	dual	channelled	
scopes	+	active	
shuttering	screen	vs	
2D	
40	Subjects	–	novices	
Variety	of	different	models	and	skills	tasks	
Times	&	errors	
Objectively	–	significant	improvement	in	3D	
throughout	
Subjectively	–	all	tasks	judged	easier	in	3D	
Hanna43	 2000	 Single-channel	scope	+	
active	shuttering	
screen	&	glasses;	
double-channel	scope	
+	active	
10	experienced	surgeons	
Lab	based	endoscopic	anastomotic	suturing	
Time,	precision	of	suture	placement	and	pressure	
leakage	score	of	anastomosis	(2xrepetitions	in	each	
visual	system)	
3D	systems	evaluated	together,	no	significant	
difference	noted	in	3D	
	
Visual	strain	reported	with	3D	systems	
Wilhelm44	 2014	 Dual	channel	scope	+	
passive	polarising	
screen	&	glasses	vs	2D	
vs	autostereoscopic	
screen	
48	subjects,	varying	experience	
Lab	based	suturing	task	
Time,	economy	of	movement	(electromagnetic	
tracking)	and	workload	assessments	(Using	NASA	Task	
Index	Score	
All	performance	parameters	were	superior	in	3D	
No	symptoms	in	3D	PP	system,	visual	disturbance	
reported	with	autostereoscopic	display	
Wagner45	 2012	 Single-channel	scope	+	
HMD	vs	Robotic	dual	
channel	scope	+	fixed	
head	view	
34	subjects	(18	novices)	
3x	lab	based	skills	tasks	
Time	
3D	robotic	performance	faster	than	all	others,	
significantly	
N/A	
	
Table	4	Comparing	Multisystems	
	
	
Taffinder46	 1999	 Dual	channel	scope	
with	
autostereoscopic/glass	
free	screen	
28	subjects	(16	novices	and	12	experienced	
laparoscopic	surgeons)	
Novices	=	basic	grasping	and	cutting	lab	based	skills	
Experienced	=	suturing	and	complex	cutting	lab	
based	skills	
Time	and	performance	score	(ICSAD	assessment	tool)	
Significant	improvement	in	3D	over	2D	laparoscopy	
No	side	effects	reported	with	3D	
Ohuchida47	 2009	 Dual	channel	scope	
with	“Cyberdome”	
projection	system	
23	novices	
6x	lab	based	skills	tasks	
Time,	errors	and	performance	
Significant	improvement	in	all	parameters	in	3D	with	
cyberdome	over	2D	
N/A	
Storz48	 2011	 Dual-channel	scope	+	
wavelength	multiplex	
camera	and	monitor	
with	polarising	glasses	
30	subjects	(20	medical	students	&	10	experienced	
laparoscopic	surgeons)	
5x	lab	based	skills	tasks	
Time	and	errors	
In	4	out	5	tasks,	significant	reduction	in	time	in	3D,	in	
4out	of	5	tasks,	significant	reduction	in	errors	
N/A	
Khoshabeh49	 2012	 Dual-channel	scope	+	
Multiview	
autostereoscopic	
display/glass	free	
screen	
3	experienced	laparoscopic	surgeons	
2x	lab	based	skills	tasks	
Time	and	errors	
Reduced	time	and	errors	using	3D	
N/A	
	
	
Table	5	Other	prototype	projection	systems	
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Appendix	2	-		Template	of	observer’s	error	rating	chart	per	video
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Description	of	consequence,	
complication	or	corrective	action	 Time	of	error	
Dissect	adhesions	to	
gallbladder	(GB)	
	 	 	 	 	 	 	 	 	 	 	 	
Dissect	and	mobilise	
Hartmann’s	pouch	
	 	 	 	 	 	 	 	 	 	 	 	
Dissect	and	isolate	CD	 	 	 	 	 	 	 	 	 	 	 	 	
Dissect	and	mobilise	
CA	
	 	 	 	 	 	 	 	 	 	 	 	
Place	2	clips	on	
proximal	CA	
	 	 	 	 	 	 	 	 	 	 	 	
Place	1	clip	on	distal	
CA	
	 	 	 	 	 	 	 	 	 	 	 	
Place	2	clips	on	
proximal	CD	
	 	 	 	 	 	 	 	 	 	 	 	
Place	1	clip	on	distal	
CD	
	 	 	 	 	 	 	 	 	 	 	 	
Transect	CA	between	
clips	
	 	 	 	 	 	 	 	 	 	 	 	
Transect	CD	between	
clips	
	 	 	 	 	 	 	 	 	 	 	 	
Dissect	left/medial	
side	of	GB	up	to	
fundus	
	 	 	 	 	 	 	 	 	 	 	 	
Dissect	right/lateral	
side	of	GB	up	to	
fundus	
	 	 	 	 	 	 	 	 	 	 	 	
Separate	undersurface	
of	GB	from	liver	
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Appendix	3	–	Surgeon	Information	Leaflet	
											
	
	
	
Surgeon	Information	Sheet	
Study	Title:	
	
Investigating	Three-Dimensional	versus	Two-Dimensional	imaging	
in	Laparoscopic	Cholecystectomies	
	
Invitation	to	surgeons:	
	
We	would	like	to	invite	you	to	take	part	in	our	research	study.	Before	you	decide	you	need	
to	understand	why	the	research	is	being	done	and	what	it	would	involve	for	you.	Please	take	
time	to	read	the	following	information	carefully	and	talk	to	us	about	any	questions	you	may	
have.	
	
What	is	the	purpose	of	the	study?	
	
As	you	know,	laparoscopic	surgery	visualises	in	2D,	as	though	operating	with	one	eye.	This	
can	make	learning	and	performing	laparoscopic	surgery	very	challenging,	as	you	have	to	
learn	to	appreciate	depth	and	spatial	placement	while	performing	surgical	tasks.	Recent	
advances	in	technology	mean	we	now	have	the	capability	of	three-dimensional	(3D)	imaging	
for	laparoscopic	surgery,	and	many	centers	have	shown	its	superiority	over	2D	in	lab-based	
experiments.	However,	this	technology	has	never	been	compared	against	our	normal	gold	
standard	2D	imaging	in	laparoscopic	operations.	This	study	aims	to	investigate	whether	
there	is	a	quantifiable	benefit	in	using	3D	imaging	systems	over	2D	for	laparoscopy.	
	
Why	have	I	been	invited?	
	
You	have	been	invited	to	take	part	as	one	of	our	surgeons	because	of	your	expertise	in	
laparoscopic	surgery,	with	over	100	cases	in	your	logbook	performed	by	yourself	using	
laparoscopy.	If	you	are	a	surgical	registrar,	you	will	also	have	completed	a	recent	PBA	
(Procedural	Based	Assessment)	demonstrating	competency	in	a	laparoscopic	
cholecystectomy.	Your	patients	listed	for	Laparoscopic	Cholecystectomy,	who	have	
consented	to	be	involved	in	the	trial,	will	be	randomised	to	having	their	surgery	performed	
using	standard	2D	laparoscopic	system	or	the	new	3D	system.		
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Do	I	have	to	take	part?	
	
This	study	is	entirely	voluntary	and	the	decision	is	up	to	you.	We	will	give	you	this	
information	leaflet,	after	a	departmental	presentation	to	all	surgeons,	to	take	away	and	
read.	We	will	discuss	it	further	with	you	if	you	wish	and	answer	any	questions	you	may	
have.	You	are	free	to	withdraw	at	any	time,	without	giving	a	reason	but	any	cases	already	
performed	for	the	study	will	still	be	included.	
	
What	will	happen	to	me	if	I	take	part	and	what	will	I	have	to	do?	
	
If	you	agree	to	take	part	in	our	study,	you	will	continue	your	surgical	lists	as	planned.	We	
will	ask	you	to	complete	eight	laparoscopic	cholecystectomies	for	the	trial,	four	in	2D	and	
four	in	3D.	You	will	be	randomized	into	Group	A	(2D	cases	then	3D	cases)	or	Group	B	(3D	
cases	then	2D	cases).	Where	there	are	spaces	for	day-case	laparoscopic	cholecystectomies	
on	your	lists,	patients	who	have	consented	for	inclusion	in	the	trial	and	been	randomised	to	
2D	or	3D,	will	be	placed	on	your	list	according	to	the	requirements	of	your	grouping.	You	
will	then	complete	the	Laparoscopic	Cholecystectomy	in	the	assigned	visual	system.	The	
operation	will	be	recorded	for	analysis.	The	analyzer	of	the	recording	will	be	blinded	to	the	
visual	system	(all	viewed	in	2D)	and	to	the	patient	and	to	the	surgeon.	
		
What	are	the	possible	disadvantages	and	risks	of	taking	part?	
	
There	are	no	extra	risks	to	you	or	your	patient	in	taking	part	and	being	randomised	to	the	
3D	group.	The	laparoscopic	camera	is	the	same	size	as	a	2D	camera	and	used	in	the	same	
way,	although	when	operating	in	3D,	you	will	be	asked	to	wear	a	pair	of	polarizing	glasses	
which	look	and	feel	like	a	pair	of	sunglasses.	
	
What	are	the	possible	benefits	of	taking	part?	
	
The	aim	is	to	compare	2D	and	3D	Day	Case	Laparoscopic	Cholecystectomies,	to	see	if	there	
is	a	noticeable	difference	with	this	new	technology.	Lab	based	studies	imply	that	3D	imaging	
systems	reduce	surgical	errors	and	operating	time	therefore	could	improve	patient	safety.	
The	length	of	time	taken	for	each	of	the	described	steps	of	the	operation	as	well	as	the	
subjective	assessment	of	the	surgical	performance	by	trained	observers	will	be	recorded.	
This	study	may	help	improve	laparoscopic	surgery	for	future	patients.		
	
Will	my	taking	part	in	the	study	be	kept	confidential?	
	
All	information	that	is	collected	about	you	will	be	kept	anonymous	by	removing	all	
identifying	features,	and	giving	each	surgeon	an	allocated	number,	identifiable	only	to	the	
chief	investigator,	and	operations	will	not	be	reported	on	as	individual	cases	or	surgeons.	
The	data	will	be	kept	for	a	maximum	of	two	years	and	then	deleted	completely.				
	
What	will	happen	if	I	don’t	want	to	carry	on	with	the	study?	
	
You	can	withdraw	at	any	point	from	the	study,	which	is	for	the	length	of	the	operation.	
However,	we	will	need	to	use	the	data	collected	up	to	your	withdrawal.	This	also	means	that	
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if	you	are	unhappy	at	any	point	during	the	surgery	in	3D,	you	can	stop	and	switch	to	
completing	the	surgery	in	2D	(this	can	be	done	by	changing	to	2D	with	switch	on	Storz	3D	
scope).	
	
What	do	I	do	if	there	is	a	problem?	
	
If	you	have	a	concern	about	any	aspect	of	this	study,	you	should	ask	to	speak	to	the	
researchers	who	will	do	their	best	to	answer	your	questions.	If	you	telephone	the	Minimal	
Access	Therapeutics	Training	Unit	on	01483	688691,	you	can	speak	to	the	researchers	or	
someone	will	take	a	message	and	ensure	one	of	the	team	calls	you	back.		If	you	remain	
unhappy	and	wish	to	complain	formally,	you	can	do	this	through	the	NHS	Complaints	
Procedure.	Details	can	be	obtained	from	the	hospital.	
	
What	will	happen	to	the	results	of	the	research	study?	
	
We	will	aim	to	publish	the	broad	scientific	results	of	the	study	in	a	medical	journal	to	
highlight	the	presence	or	lack	of	difference	in	the	use	of	3D	imaging	with	laparoscopic	
surgery.	The	data	published	will	be	anonymous	and	reflect	the	overall	results	of	the	study,	
not	individuals.	
	
Who	has	reviewed	the	study?	
	
All	research	in	the	NHS	is	looked	at	by	an	independent	group	of	people,	called	a	Research	
Ethics	Committee	to	protect	your	safety,	rights,	wellbeing	and	dignity.	This	study	has	been	
reviewed	and	given	favourable	opinion	by	a	national	Research	Ethics	Committee	as	well	as	
The	Royal	Surrey	County	Hospitals’	Research	and	Development	Committee.		
	
Contact	Details:	
	
The	Lead	Researchers	can	be	contacted	by	telephone	as	above	or	by	post:	
	
Miss	Katie	Schwab,	Surgical	Registrar	and	Research	Fellow	
Minimal	Access	Therapeutics	Training	Unit	
Postgraduate	Medical	School	
Manor	Park	
Guildford	
Surrey	GU2	7WG	
	
Tel:	01483	688691	
Email:	katschwab@doctors.net.uk	
	
We	look	forward	to	seeing	you	at	the	time	of	your	operation.	
	
Katie	Schwab,	MBBS,	BSc,	MRCS		
Surgical	SpR	&	Research	Fellow;		
RSCH	&	MATTU	
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Appendix	4	–	Surgeon	Consent	Form	
	
Surgeon	Identification	Number	for	this	trial:	
CONSENT	FORM	FOR	CLINICAL	TRIAL	
	at	the	Royal	Surrey	County	Hospital	
	Title	of	Project:		
Randomised	controlled	trial	investigating	Three-Dimensional	versus	Two-Dimensional	imaging	in	
Laparoscopic	Cholecystectomies	
Names	of	Researchers:		
K	Schwab,	I	Jourdan	
Please	initial		
to	confirm		
• 	I	confirm	that	I	have	read	and	understand	the	information	sheet	for	the	above	
study,	and	that	I	fulfil	the	required	surgical	standards.		  	
• 	I	have	had	the	opportunity	to	consider	the	information,	ask	questions	and	have	
had	these	answered	satisfactorily.		  	
• 	I	understand	that	my	participation	is	voluntary	and	that	I	am	free	to	withdraw	at	
any	time,	without	giving	any	reason,	without	my	legal	rights	being	affected.		  	
• 	I	understand	that	operations	performed	as	part	of	the	trial	by	myself	will	be	recorded	and	analysed	for	time	and	error,	and	included	in	various	forms	of	
statistical	analysis	to	compare	2D	vs	3D	surgery.		
 	
• 	I	agree	to	my	recorded	operations	to	be	saved	anonymously,	for	as	long	as	
required.	  	
• 	I	agree	to	take	part	in	the	above	research	study.		  	
	
__________________________	
Name	of	Surgeon		
______________	
Date	
__________________________	
Signature	
__________________________	
Name	of	Person	taking	consent		
(if	different	from	researcher)	
______________	
Date	
__________________________	
Signature	
__________________________	
Researcher	
______________	
Date	
__________________________	
Signature	
When	complete	needs	photocopying	-	1	copy	for	surgeon:	1	copy	for	researcher	site	file.	
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Appendix	5	–	Patient	Information	Leaflet												 	
	
	
Participant	Information	Sheet	
Study	Title:	
	
Investigating	Three-Dimensional	versus	Two-Dimensional	imaging	
in	Laparoscopic	Cholecystectomies	
	
Invitation	to	patients:	
	
We	would	like	to	invite	you	to	take	part	in	our	research	study.	Before	you	decide	you	need	
to	understand	why	the	research	is	being	done	and	what	it	would	involve	for	you.	Please	take	
time	to	read	the	following	information	carefully	and	talk	to	us	about	any	questions	you	may	
have.	
	
What	is	the	purpose	of	the	study?	
	
During	laparoscopic	surgery,	your	surgeon	operates	through	‘keyhole’	incisions	in	your	
abdomen.	These	allow	long	tools	to	pass	to	perform	the	surgery	and	a	camera	to	allow	the	
surgeon	to	see	inside	you.	The	cameras	video	images	are	seen	on	a	television	screen,	and	
this	is	viewed,	like	you	watch	television	at	home,	in	a	two-dimensional	(2D),	form.	This	can	
make	learning	and	performing	laparoscopic	surgery	very	challenging,	as	you	have	to	learn	to	
appreciate	depth	and	spatial	placement	while	performing	surgical	tasks.	Recent	advances	in	
technology	mean	we	now	have	the	capability	of	three-dimensional	(3D)	imaging	for	
laparoscopic	surgery,	and	many	centers	have	shown	its	superiority	over	2D	in	lab-based	
experiments.	However,	this	technology	has	never	been	compared	against	our	normal	gold	
standard	2D	imaging	in	laparoscopic	operations.	This	study	aims	to	investigate	whether	
there	is	a	quantifiable	benefit	in	using	3D	imaging	systems	over	2D	for	laparoscopy.	
	
Why	have	I	been	invited?	
	
You	have	been	listed	for	a	keyhole	operation	to	remove	your	gallbladder	(Laparoscopic	
Cholecystectomy)	because	you	and	the	surgeon	you	saw	in	clinic	felt	this	was	the	best	way	
to	manage	your	symptomatic	gallstones.	Therefore,	we	are	inviting	you	to	take	part	in	our	
study	as	well	as	other	patients	like	yourself.	There	will	be	approximately	120	participants	in	
the	study.	
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Do	I	have	to	take	part?	
	
This	study	is	entirely	voluntary	and	the	decision	is	up	to	you.	We	will	give	you	this	
information	leaflet,	at	your	outpatients	and/or	pre-assessment	appointment,	to	take	away	
and	read.	We	will	discuss	it	further	with	you	on	the	morning	of	the	operation,	or	before	if	
you	would	rather,	and	we	will	then	ask	you	to	sign	a	consent	form	to	show	that	you	have	
agreed	to	take	part.	You	are	free	to	withdraw	at	any	time,	without	giving	a	reason.	This	will	
not	in	any	way	affect	the	treatment	you	receive.	
	
What	will	happen	to	me	if	I	take	part	and	what	will	I	have	to	do?	
	
If	you	agree	to	take	part	in	our	study,	you	will	undergo	the	standard	operation	for	removing	
your	gallbladder	as	planned	already.	At	the	beginning	of	the	operation	you	will	be	
randomised	(selected	by	chance)	into	one	of	two	groups.	One	group	will	have	their	surgery	
performed	to	our	current	‘Gold	standard’	with	the	surgeon	using	a	2D	camera	and	screen.	
The	other	group	will	have	the	exact	same	operation	but	with	the	surgeon	using	a	3D	camera	
and	screen.	The	intra-abdominal	part	of	the	operation	will	be	recorded	and	viewed	by	an	
independent	observer	who	is	a	surgeon,	to	assess	for	technical	skill	and	performance	
differences	between	operations	performed	in	2D	and	3D.		
	
What	are	the	possible	disadvantages	and	risks	of	taking	part?	
	
There	are	no	extra	risks	to	taking	part	and	being	randomised	to	the	3D	group.	The	
laparoscopic	camera	is	the	same	size	as	a	2D	camera	and	used	in	the	same	way.	There	are	
no	real	disadvantages,	as	you	will	still	undergo	the	operation	you	were	booked	for	and	will	
experience	no	change	in	your	treatment	during	your	stay	with	us.		
	
What	are	the	possible	benefits	of	taking	part?	
	
The	aim	is	to	compare	2D	and	3D	Day	Case	Laparoscopic	Cholecystectomies,	to	see	if	there	
is	a	marked	difference	with	this	new	technology.	Lab	based	studies	imply	that	3D	imaging	
systems	reduce	surgical	errors	and	operating	time	therefore	could	improve	patient	safety.	
The	length	of	time	taken	for	each	of	the	described	steps	of	the	operation	as	well	as	the	
subjective	assessment	of	the	surgeons’	performance	by	the	supervising	consultant	and	
other	trained	observers	will	be	recorded.	We	cannot	promise	that	the	study	will	help	you	
but	the	information	we	get	from	this	study	may	help	improve	laparoscopic	surgery	for	
future	patients.		
	
Will	my	taking	part	in	the	study	be	kept	confidential?	
	
All	information	which	is	collected	about	you	will	be	kept	anonymous	by	removing	identifying	
features	like	name	and	DOB.	Some	parts	of	your	medical	records	will	be	looked	at	by	
doctors	involved	in	the	research	study.	They	may	also	be	looked	at	by	representatives	of	
regulatory	authorities	and	by	authorised	people	to	check	that	the	study	is	being	carried	out	
correctly.	All	will	have	a	duty	of	confidentiality	to	you	as	a	research	participant	and	we	will	
do	our	best	to	meet	this	duty.	Information	will	be	kept	on	the	hospital	secure	network	and	
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not	emailed	outside	of	this.	The	data	will	be	kept	for	a	maximum	of	two	years	and	then	
deleted	completely.				
	
What	will	happen	if	I	don’t	want	to	carry	on	with	the	study?	
	
You	can	withdraw	at	any	point	from	the	study,	which	is	for	the	length	of	the	operation.	
However,	we	will	need	to	use	the	data	collected	up	to	your	withdrawal.	
	
What	do	I	do	if	there	is	a	problem?	
	
If	you	have	a	concern	about	any	aspect	of	this	study,	you	should	ask	to	speak	to	the	
researchers	who	will	do	their	best	to	answer	your	questions.	If	you	telephone	the	Minimal	
Access	Therapeutics	Training	Unit	on	01483	688691,	you	can	speak	to	the	researchers	or	
someone	will	take	a	message	and	ensure	one	of	the	team	calls	you	back.		If	you	remain	
unhappy	and	wish	to	complain	formally,	you	can	do	this	through	the	NHS	Complaints	
Procedure.	Details	can	be	obtained	from	the	hospital.	
	
What	will	happen	to	the	results	of	the	research	study?	
	
We	will	aim	to	publish	the	broad	scientific	results	of	the	study	in	a	medical	journal	to	
highlight	the	presence	or	lack	of	difference	in	the	use	of	3D	imaging	with	laparoscopic	
surgery.	The	data	published	will	be	anonymous	and	reflect	the	overall	results	of	the	study,	
not	individuals.	
	
Who	has	reviewed	the	study?	
	
All	research	in	the	NHS	is	looked	at	by	an	independent	group	of	people,	called	a	Research	
Ethics	Committee	to	protect	your	safety,	rights,	wellbeing	and	dignity.	This	study	has	been	
reviewed	and	given	favourable	opinion	by	a	national	Research	Ethics	Committee	as	well	as	
The	Royal	Surrey	County	Hospitals’	Research	and	Development	Committee.		
	
Further	Information	&	Contact	Details:	
	
Everything	will	be	explained	in	further	detail	when	you	come	in	for	your	operation,	but	do	
not	be	afraid	to	ask	any	further	questions.		
The	Lead	Researchers	can	be	contacted	by	telephone	as	above	or	by	post:	
Miss	Katie	Schwab,	Surgical	Registrar	and	Research	Fellow	
Minimal	Access	Therapeutics	Training	Unit	
Postgraduate	Medical	School	
Manor	Park;	Guildford	
Surrey	GU2	7WG	
Tel:	01483	688691	
Email:	katschwab@doctors.net.uk	
	
We	look	forward	to	seeing	you	at	the	time	of	your	operation.	
Katie	Schwab,	MBBS,	BSc,	MRCS		
Surgical	SpR	&	Research	Fellow;	RSCH	&	MATTU	
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Appendix	6	–	Patient	Consent	Form	
	
Patient	Identification	Number	for	this	trial:	
CONSENT	FORM	FOR	CLINICAL	TRIAL	
	at	the	Royal	Surrey	County	Hospital	
	Title	of	Project:		
Randomised	controlled	trial	investigating	Three-Dimensional	versus	Two-Dimensional	imaging	in	
Laparoscopic	Cholecystectomies	
Names	of	Researchers:		
K	Schwab,	I	Jourdan	
Please	initial		
to	confirm		
• 	I	confirm	that	I	have	read	and	understand	the	information	sheet	for	the	above	
study.		  	
• 	I	have	had	the	opportunity	to	consider	the	information,	ask	questions	and	have	
had	these	answered	satisfactorily.		  	
• 	I	understand	that	my	participation	is	voluntary	and	that	I	am	free	to	withdraw	at	any	time,	without	giving	any	reason,	without	my	medical	care	or	legal	rights	being	
affected.		
 	
• 	
I	understand	that	relevant	sections	of	any	of	my	medical	notes	and	data	collected	
during	the	study,	may	be	looked	at	by	responsible	individuals	from	the	NHS	Trust,	
where	it	is	relevant	to	my	taking	part	in	this	research.	I	give	permission	for	these	
individuals	to	have	access	to	my	records.		
 	
• 	I	agree	to	take	part	in	the	above	research	study.		  	
	
__________________________	
Name	of	Patient		
______________	
Date	
__________________________	
Signature	
__________________________	
Name	of	Person	taking	consent		
(if	different	from	researcher)	
______________	
Date	
__________________________	
Signature	
__________________________	
Researcher	
______________	
Date	
__________________________	
Signature	
When	complete	needs	photocopying	-	1	copy	for	patient:	1	copy	for	researcher	site	file:	1	(original)	
to	be	kept	in	medical	notes.	
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Appendix	7	-	Nottingham	1	NRES	Committee	East	Midlands	approvals	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	







 NRES Committee East Midlands - Nottingham 1 
The Old Chapel 
Royal Standard Place 
Nottingham 
NG1 6FS 
 
10 September 2013 
 
Miss Katie E Schwab 
Research Fellow 
MATTU 
Minimal Access Therapy Training Unit 
The Royal Surrey County Hospital, Leggett Building 
Manor Park, Guildford, Surrey 
GU2 7WG 
 
 
Dear Miss Schwab 
 
Study title: Does Three-Dimensional Surgery provide significant advantages 
for patients and surgeons? A Randomised Controlled Trial 
investigating the operating time and surgical errors enacted with 
Three-Dimensional versus Two-Dimensional imaging in 
laparoscopic cholecsytectomies. 
REC reference: 13/EM/0092 
Amendment date: 29 August 2013 
IRAS project ID: 117670 
 
The above amendment was reviewed at the meeting of the Sub-Committee held on 10 
September 2013.  
 
Ethical opinion 
 
The members of the Committee taking part in the review gave a favourable ethical opinion 
of the amendment on the basis described in the notice of amendment form and supporting 
documentation. 
 
Approved documents 
 
The documents reviewed and approved at the meeting were: 
 
 Document  Version  Date  
Covering Letter    29 August 2013  
Notice of Substantial Amendment (non-CTIMPs)    29 August 2013  
NHS REC Form  117670/495179/1/928  27 August 2013  
Protocol  RCT Protocol for Rec, v5  26 August 2013  
  
Membership of the Committee 
 
The members of the Committee who took part in the review are listed on the attached 
sheet. 
 
R&D approval 
 
All investigators and research collaborators in the NHS should notify the R&D office for the 
relevant NHS care organisation of this amendment and check whether it affects R&D 
approval of the research. 
 
Statement of compliance 
 
The Committee is constituted in accordance with the Governance Arrangements for 
Research Ethics Committees and complies fully with the Standard Operating Procedures for 
Research Ethics Committees in the UK. 
 
We are pleased to welcome researchers and R & D staff at our NRES committee members’ 
training days – see details at http://www.hra.nhs.uk/hra-training/  
 
13/EM/0092:     Please quote this number on all correspondence 
 
Yours sincerely 
 
 
 
 
Mr Robert Johnson 
Chair 
 
E-mail:  
 
 
Enclosures: List of names and professions of members who took part in the 
review 
 
Copy to:  Mrs Cathy Mayes, Royal Surrey County Hospital NHS Foundation 
Trust 
 
NRES Committee East Midlands - Nottingham 1 
 
Attendance at Sub-Committee of the REC meeting on 10 September 2013 
 
  
Also in attendance:  
 
Name   Position (or reason for attending)   
Dr Madeleine Craze  Research Technician  
Mr Robert Johnson  Lay Member  
Mr Ian Thompson  Lay member  
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Appendix	8	-	Local	approval	and	sponsorship	R&D	Reference	13SURN0004,		
		for	Single	Site	Clinical	Trial	
	
	
	
	





